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National Organic Standards Board

/o Robert Pooler, Agricultural Marketing Specialist
USDA/AMS/TM/NOP

Room 2510-So.

Ag Stop 0268

P.O. Box 96456

Washington, DC 20090-6456

Petition for Evaluation of Egg White Lysozyme for Inclusion on the National List of
Substances Allowed and Prohibited in Organic Production and Handling

Dear Mr. Pooler:

The Enzyme Technical Association (‘ETA”), a trade association comprised of enzyme
manufacturers and distributors in North American, hereby submits this petition pursuant to 7
U.S.C. § 6518(n) and 65 Fed. Reg. 43259 (July 13, 2000) (Proposed Rule) for the addition of
egg white lysozyme to the National List of Substances Allowed and Prohibited in Organic
Production and Handling (the “National List") as a nonagricultural substance allowed in
processed products labeled as “organic” or “made with organic” ingredients.

The National Organic Standards Board (“NOSB”) previously considered, but did not
recommend, the inclusion of egg white lysozyme on the National List. This petition seeks a
reconsideration of the board’s recommendation in light of “significant new information” that was
not available to the NOSB at the time of its prior evaluation and which clearly impacts on the
basis of the board’s decision. See 65 Fed. Reg. at 43260. It is our understanding, based on a
review of the applicable meeting minutes and our attendance at the board’s meeting, that the
NOSB'’s prior recommendation for egg white lysozyme was based solely on the board’s
mistaken belief that the enzyme is not Generally Recognized As Safe (“GRAS”) under the
applicable provisions of the Federal Food, Drug, and Cosmetic Act (‘FDCA”) and Food and
Drug Administration (“FDA”) regulations. This petition contains new information that
unequivocally demonstrates that lysozyme derived from egg whites is GRAS. As such, we
request reconsideration of the NOSB's prior recommendation in light of the information
contained herein.

* * %* *

This petition is formatted in accordance with the required elements noted in the U.S.
Department of Agriculture’s (‘USDA’s”) proposed rule on National List petitions. See id.






Category for Which Petitioner Seeks Inclusion of its Substance:

Nonagricultural (nonorganic) substances allowed in or on processe d as
“organic” or “made with organic (specified ingredients)” d products labele

1. Common name of the substance:

Egg White Lysozyme (or Lysozyme)

2. Petitioner’s name, address, and telephone number:

Enzyme Technical Association
1800 Massachusetts Ave, N.W.
Second Floor

Washington, DC 20036-1221
Tele: (202) 778-9273

Fax: (202) 778-9100

Contact Person: Gary L. Yingling

3. Intended or current use of the substance

Processing Aid / Preservative

4, Activities for which the substance will be used -- mode of action

Egg white lysozyme is a naturally occurring enzyme derived from egg whites. Enzymes
are proteins that are produced by animals, plants, and microorganisms that function as
biochemical catalysts to facilitate specific chemical reactions. In the case of lysozyme, the
enzyme produces an antibacterial effect by catalyzing the hydrolysis of the structural
polysaccharide peptidoglycan contained in the cell walls of certain bacteria. Simply put, it kills
bacteria by creating holes in the cell walls that hold bacteria together.

Egg white lysozyme has proven to be an economically viable alternative to synthetic
chemical preservatives in a number of foods, most notably cheese and wine. Furthermore, the
antimicrobial effect of lysozyme is selective for certain gram-positive bacteria that cause food
spoilage, while not interfering with a number of organisms that are considered beneficial to

human health.

In the cheese industry, lysozyme has been found to be particularly beneficial because it
selectively destroys the vegetative forms of many clostridia, particularly Clostridia tyrobutyricum
bacteria. These bacteria survive the normal heat treatment of milk used in the production of
cheese and later propagate to cause “late blowing.” Late blowing is the formation of gases and
butyric acid from lactic acid in the course of cheese maturation. The unwanted gas formation
can cause faults in the texture of the cheese as well as an undesirable taste and smell. If the
level of gas reaches a sufficiently high level, the cheese block can completely break apart. The
use of egg white lysozyme in the milk culture kills the bacteria that produce the gas and
therefore eliminates all “late blowing” concerns. The only alternatives to lysozyme are more
harsh preservatives such as formaldehyde, nitrate, nisin or hydrogen peroxide.




According to Bottazzi (20) 10% of all the « natural » spores present
in milk are resistent against lysozyme in cheese. This bring the num-
ber of active spores back to one tenth those present. When the cheese
milk contains 0.27 spores/ml. 25 g lysozyme/100 1 appeared to be
effective. Then only 0,027 spores/ml are active.

A level of 0.027 spores/ml is very near to the level at which Gouda
cheese can be made without nitrate or any other addition to prevent
butyric acid fermentation. These considerations could also indicate
the reason that lysozyme (386 U/ml) could prevent butyric acid fermen-
tation by C. tyrobutyricum BZ 15, possibly because this strain is su-
sceptible to lysozyme. Further experiments have to be carried out in
order to elucidate these problems.
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Additional information concerning lysozyme is provided in the attached portion of the book
entitled Natural Food Antimicrobial Systems (Exhibit 1).

5. Source of the substance / manufacturing process

The food-grade lysozyme that is the subject of this petition is naturally derived from
chicken egg whites. A food-grade inert material (a polymer resin) that specifically binds to
lysozyme is used to extract the enzyme from the egg whites. After the binding process, the
lysozyme is stripped from the resin, concentrated, purified, and dried. The extraction process
requires the use of the following chemicals: citric acid, salt (NaCl), and hydrochloric acid /
sodium hydroxide for pH adjustment. There are no solvents used in the manufacturing of the
enzyme and the final dry product is nearly 100% pure egg white lysozyme.

The lysozyme content of egg whites is approximately 0.3%. Upon completion of the extraction,
the egg whites remain virtually unaffected and can be subsequently consumed in other food
uses.

A flow chart of the typical lysozyme manufacturing process is attached as Exhibit 2.

6. Summary of previous reviews

Egg white lysozyme was reviewed by the NOSB for inclusion on the National List during
the NOSB'’s November 2000 meeting. The enzyme was evaluated as part of a petition that
requested the listing of all non-genetically modified animal enzymes. Instead of considering
animal enzymes as a group (as was done with microbial and plant derived enzymes), the board
singled out and evaluated the following six specific animal derived enzymes: rennet, catalase
(bovine liver), lipase, pancreatin, pepsin, trypsin, and lysozyme. The NOSB voted to consider
all of these animal enzymes “non-synthetic,” and to include all of them except lysozyme on the
National List. According to the meeting minutes, the sole reason for the NOSB'’s decision not to
recommend lysozyme for inclusion on the National List was the board’s mistaken belief that
lysozyme lacked a “final GRAS status from FDA” (see Nov. 2000 NOSB meeting minutes,
attached as Exhibit 4). As discussed below in section 7 of this petition, the NOSB'’s
recommendation with respect to lysozyme was based on a misunderstanding of FDA'’s policy
concerning the GRAS provisions of the FDCA. As such, a reconsideration of the NOSB's prior
recommendation is clearly warranted.

7. EPA, FDA, and State Requlatory Information

Egg white lysozyme is GRAS, as that term is defined in the applicable provisions of the FDCA
and FDA regulations. Furthermore, we are unaware of any EPA or State regulatory limitations
on the use of the egg white lysozyme in food.

Because the prior NOSB recommendation relied heavily on the board’s perception of the GRAS
status of lysozyme, we thought it would be helpful to provide a brief history and explanation of

' The manufacturing information contained in Exhibit 2 consists of commercial confidential
information provided to ETA by one of its members for the limited purpose of inclusion in this
petition. A Commercial Confidential Information (“CBI”) statement addressing this information is

attached as Exhibit 3. A “CBI-deleted” copy of Exhibit 2 is provided with this petition.
3



occurrence of butyric
se milk were adjusted
s and to 1.7 spores/ml
per 100 litres: 15 g
section are shown

58793/58800 milk with 13.0 spores/ml + 15 g NaNO,/100 1

58814/58813 milk with 13.0 spores/ml + 3 g lysozyme/100 |
58942/58946 milk with 13.0 spores/ml + 6 g lysozyme/100 |
58964/58969 milk with 1.7 spores/ml + 3 g lysozyme/100 1



the GRAS process in subsection A, below. In subsection B, we discuss the application of the
GRAS process to lysozyme.

A. FDA’s GRAS Process

In 1958, in response to public concern about the increased use of chemicals in foods and food
processing, Congress enacted the Food Additives Amendment (the “1958 Amendment”) to the
FDCA. The basic purpose of the 1958 amendment was to require that, before a new additive
could be used in food, its producer demonstrate the safety of the additive to FDA. The 1958
Amendment defined the terms “food additive” (FDCA § 201(s)) and “unsafe food additive”
(FDCA § 409(a)), established a premarket approval process for food additives (FDCA § 409(b)
through (h)), and amended the food adulteration provisions of the FDCA to deem adulterated
any food that is, bears, or contains any food additive that is unsafe within the meaning of section
409. See FDCA § 402(a)(2)(C).

When enacting the 1958 Amendment, Congress recognized that many substances intentionally
added to food would not require a formal premarket review by FDA to assure their safety. For
example, the safety of some substances could be established by a long history of use in food or
by virtue of the nature of the substances, their customary or projected conditions of use, and
information generally available to scientists. Therefore, Congress enacted a two-step definition
of “food additive.” See FDCA § 201(s). The first step broadly includes any substance, the
intended use of which results or may reasonably be expected to result, directly or indirectly, in
its becoming a component or otherwise affecting the characteristics of food. The second step,
however, excludes from the definition of “food additive” substances that are generally ]
recognized, among experts qualified by scientific training and experience to evaluate their
safety (“qualified experts”), as having been adequately shown through scientific procedures (or,
in the case of a substance used in food prior to January 1, 1958, through either scientific
procedures or through experience based on common use in food) to be safe under the
conditions of their intended use. See id. This exception to the food additive definition came to
be known as the GRAS exemption. Many substances that are commonly used in foods (e.g.,
vinegar, vegetable oil, baking powder, and many salts, spices, flavors, gums, and preservatives)
are legally marketed under the GRAS exemption.

One of the key elements of the GRAS exemption is that a substance that is GRAS for a
particular use may be lawfully marketed for that use without FDA review or approval.
Nevertheless, many manufacturers have found it necessary to have a statement from FDA
agreeing with the manufacturer’s GRAS determination. Initially, FDA issued informal “opinion
letters” concerning the GRAS status of substances. The “opinion letters,” however, were issued
only to the specific person requesting the letter and therefore did not provide industry-wide
notification of the agency’s GRAS decision. To address this and other concerns, FDA adopted
the GRAS affirmation petition process. See 21 C.F.R. § 170.35. This was a voluntary
administrative process whereby manufacturers could petition FDA to affirm that a substance
was GRAS under certain conditions of use. If FDA agreed with the petitioner's GRAS
determination, a regulation was published in the Code of Federal Requlations affirming the
GRAS status of the substance. The GRAS affirmation petition process was intended to provide
a mechanism for official recognition of lawfully made GRAS determinations. To the extent that a
person elected to submit a GRAS affirmation petition, the process facilitated an awareness, by
FDA as well as the domestic and international food industry, of lawful independent GRAS

determinations.



Fig 3

The addition of 6 g of lysozyme/100 1 cheese milk did not inhibit

the growth and acid production of the mesophilic starter .used (BD-
starter Bos).

The results obtained are not directly in accordance with those
observed by others (see references 2, 3, 6 and 7). Gouda cheese may be
susceptible to butvric acid fermentation but also Swiss and Italian
cheese varieties are equally susceptible.
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However, the GRAS affirmation petition process turned out to be extremely resource-intensive.
Not only did the process involve a comprehensive review of each petition, it also required going
through the very cumbersome rulemaking process for each substance affirmed as GRAS. As a
result, GRAS petitions languished at the agency for years, even decades, without the
publication of a final regulation. Over time, the food industry began to consider the publication
in the Federal Register acknowledging FDA’s acceptance of a GRAS affirmation petition for
filing as an acknowledgement that the agency did not have any significant objections to the
petitioner's GRAS determination. In fact, it became common practice for manufacturers to
reference those Federal Register notices as supporting evidence of their GRAS determinations.

As a result of the problems encountered with GRAS petition process, FDA proposed the “GRAS
notification” procedure on April 17, 1997. 62 Fed. Reg. 18937. This procedure was intended to
replace the GRAS affirmation petition process. Under the GRAS notification procedure, FDA
evaluates whether a GRAS “notice” provided by a manufacturer provides a sufficient basis for a
GRAS determination and whether information in the notice or otherwise available to FDA raises
issues that might lead the agency to question whether use of the substance is GRAS. Within 90
days of receipt of the notice, FDA responds in writing as to whether it has identified a problem
with the notice. To provide the industry with information on prior GRAS notices, FDA publishes
a list of all submitted GRAS notices, along with the agency’s response, on the FDA website.
See http://www.cfsan.fda.gov/~rdb/opa-gras.htmi.

Although the GRAS natification regulation has never been finalized, FDA has wholeheartedly
adopted the procedure as a replacement for the GRAS affirmation petition process. Since the
publication of the GRAS notification proposed rule, the agency has received 105 GRAS notices.
During that period, the agency has strongly discouraged the filing of (and even refused to
accept) GRAS affirmation petitions. At the same time, the agency has been encouraging those
persons with pending GRAS affirmation petitions to convert their petitions to GRAS notices. For
example, FDA recently suggested to ETA that it could transfer the pending portions of a GRAS
affirmation petition originally submitted by ETA’s predecessor in 1973 into GRAS notices.

B. The GRAS Status of Lysozyme

The very nature of lysozyme made it a perfect fit for the GRAS exemption. Any safety concerns
were minimal. The enzyme occurs naturally in numerous organisms and has been thoroughly
characterized. The three-dimensional structure, mechanism of action, and substrate specificity
of the enzyme are all well documented in the public literature. Likewise, the source of the
enzyme, egg whites, has been safely consumed by humans throughout recorded history, and
the enzyme is entirely inactivated in the stomach and intestines by proteolytic enzymes (e.g.,

pepsin).

A GRAS affirmation petition was filed in 1989 for the use of lysozyme in prevention of “late-
blowing” of cheese (GRASP 9G0355). FDA published notice of receipt of the petition in the
October 27, 1989 edition of the Federal Register. See 54 Fed. Reg. 43861. However, the
agency did not formally respond to the petition until March 13, 1998, at which time it published a
“tentative final rule” affirming that egg white lysozyme was GRAS. See 63 Fed. Reg. 12421
(attached as Exhibit 5). In that publication, FDA stated that (1) “the enzyme component of egg
white lysozyme preparation is unaltered from the lysozyme found in commonly consumed food,
eggs,” (2) “the manufacturing process will not introduce impurities into the preparation that may
render its use unsafe,” and (3) the enzyme will “achieve its intended technical effect of
preventing late blowing of cheese contaminated with C. tyrobutyricum.” See id. Accordingly,




113.0 spores

I 13.0 spores

10.27 spores

I 1.1 spores

Fig. 2 - Effect of adding lysozyme to cheese milk on the occurrence of butyric
acid fermentation. The spore numbers of the cheese milk were adjusted
to 1.1, 0.27 and 13.0 respectively. The control cheese was made from milk
with 13.0 spores/ml; 15 g NaNO,/100 1 was added instead of 2.5 g lyso
zyme. Cross sections are shown of the cheese after 24 weeks; above
cheeses stored at 13°C, below cheeses stored for four weeks at 13°C,
thereafter at 18°C.

45290/45291 milk with 1.1 spores/ml

45293/45294 milk with 0.27 spores/ml + 3 g lysozyme/100 1
45296/45297 milk with 13.0 spores/ml

45299/45300 milk with 13.0 spores/ml + 15 g NaNO,/100 1



FDA “tentatively” concluded that egg white lysozyme was “GRAS for use by the general
population in preventing late blowing in cheese.” Id.

FDA’s conclusion was termed “tentative” not because there was an unresolved issue with
respect to the inherent safety of the enzyme, but rather to allow the agency to receive additional
public comments on the labeling of the enzyme. There is clearly no safety concern with the
consumption of egg whites by the general population. However, the agency was concerned that
persons who are allergic to egg protein may not know that lysozyme could potentially (although
extremely unlikely) contain a sufficient amount of egg protein to illicit an allergic reaction. As
such, FDA proposed adding a condition to its GRAS affirmation that the enzyme be labeled as
“egg white” lysozyme in order to be considered GRAS. The agency did not believe that it could
impose such a condition without first receiving public comment on the issue. Thus, the rule was
published in “tentative” form and the agency sought additional comment on the labeling issue
from “interested persons.”

Although the deadline for the submission of comments on the “tentative final rule” lapsed on
May 27, 1998, FDA has not yet issued a “final” rule on lysozyme. In fact, FDA'’s rapid move
away from GRAS affirmation petitions and towards the GRAS notification process makes it very
unlikely that the agency will ever publish a “final” rule on the matter. As a result, the food
industry has accepted the “tentative” final rule as the equivalent of an affirmation of the GRAS
status of lysozyme for use in preventing late blowing in cheese, provided the enzyme is labeled
with the “egg white” qualifier.

The GRAS status of egg white lysozyme was recently confirmed by the FDA response to a
GRAS notice for the use of the enzyme as an antimicrobial agent in frankfurter casings and
ready-to-eat cooked meat and poultry products. See Response Letter to GRAS Notice No.
GRN 000064 (Apr. 2, 2001) (attached as Exhibit 6). In the response to the notice, FDA states
that it “has no questions . . . regarding [the submitter’s] conclusion that egg white lysozyme is
GRAS under the intended conditions of use, provided that the ingredient statement of food
products that contain egg white lysozyme contain the name ‘egg white lysozyme’ to identify the
source of the protein.” 1d. This statement is as close to an FDA affirmation of the GRAS status
of lysozyme as is currently possible under the current regulatory scheme.

In sum, FDA has been aware of the use of lysozyme as a processing aid in the food supply for
over 13 years. Yet, the agency, which is tasked with ensuring the safety of the nation’s food
supply, has raised no objections to use of the enzyme. Not only has FDA allowed its continued
use, the agency has specifically reviewed a comprehensive GRAS affirmation petition
describing the substance and concluded that it is GRAS, provided it is labeled as derived from
egg whites.? Additionally, FDA raised no questions when a GRAS notice was recently
submitted for lysozyme. Given the data and information that FDA has reviewed on lysozyme, it
is inconceivable that the agency would allow its continued use as a GRAS ingredient if it
believed there were any question as to its GRAS status.

2 With respect to the FDA'’s condition that lysozyme be labeled as “egg white lysozyme” in order
to be considered GRAS, we note that such labeling issues fall squarely within FDA’s jurisdiction

and are independent of the NOSB's assessment under the Organic Foods Production Act.
6
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8. The Chemical Abstract Service (CAS) number and labels of products that contain
the substance

CAS No. 9001-63-2
.U.B. No. 3.2.1.17 -
International Union of Biochemistry systemic name: peptidoglycan N-acetylmuramoythydrolase

9. Physical properties / mode of action

A. Chemical interactions with other substances — Egg white lysozyme produces a
antimicrobial effect when added to foods. The enzyme is inactivated by other enzymes present
in the human gastrointestinal tract. No other interactions are known.

B. Toxicity and environmental persistence — As indicated in the published literature
and in FDA's GRAS reviews, lysozyme exhibits very low toxicity. Given the natural presence of
lysozyme in numerous organisms, the use of the enzyme in foods would present little or no
environmental concern.

C. Effects on human health — The potential effects on human health have been
extensively reviewed by FDA and found to be insignificant. Additionally, the use of lysozyme in
lieu of other synthetic alternatives provides a definite benefit to human health.

10. Material Safety Data Sheet

A Material Safety Data Sheet (MSDS) is attached as Exhibit 7.

1. Published Literature

A bibliography of published literature concerning lysozyme is attached as Exhibit 8. Copies of
particularly relevant articles are provided in Exhibit 9.

12. Petition Justification Statement

The action requested in this petition does not require a “Petition Justification Statement.” See
65 Fed. Reg. at 43260-1.

13. Commercial Confidential Information Statement
The required “CBI Statement” is enclosed as Exhibit 3. A “CBI-deleted” copy with the CBI

information redacted accompanies this petition.

Respectfully submitted,

hair, Enzyme Technical Association




In the first experiment four vats were made. The number of spores
was adjusted to 1.1, 0.27 and 13.0 spores/ml cheese milk respectively.
To the cheese milk 2.5 g lvsozvme/100 1 cheese milk (475U/ml) was
added. Preparation 2 was used. Control cheeses were made from the
cheese milk with 13 spores/ml: 15 g NaNO; was added per 100 1| in-
stead of lysozvme. The results are given in Table 1 and cross sections
of the cheeses are shown in Figure 2. It is clear from the results that
by the use cf lysozyme butyric acid fermentation in the cheese made
from milk with 13.0 spores/ml could not be prevented. In the cheese
stored continuously at 13 °C as well as in those stored later on at 18 °C,
a very strong butyric acid fermentation was observed. In cheeses ma-
de from milk 1.1 spores/ml a strong fermentation was observed after
24 weeks storage at 18 °C, after previous storage at 13 °C during
4 weeks. When the cheeses were stored continuously at 13 °C, the
fermentation was only slight. No butyric acid fermentation was ob-
served in the cheeses made from milk with 027 spores/ml.

In a second cheese experiment carried out in the experimental
dairy also four vats of cheese were made. In one part of the milk
(three quarters of the total volume required) the number of spores
were adjusted to 13.0/ml in the other part (one quarter) to 1.7/ml.
The first part was divided in three portions to which per 100 litres
15 g NaNO;, 3.0 g and 6.0 g lysozyme were added respectively. The
milk with 1.7 spores/ml received 3.0 g lysozyme. Lysozyme preparation
n. 3 was used. The main results of this experiment are shown in Table 2
and Figure 3. Also from these results it is clear that the addition of 3g
lysozyme/100 | cheese milk could not prevent butyric acid fermentation
in the cheese made from it. Even in cheeses made from the milk with
1.7 spores/ml the fermentation is quite serious. Only when 6.0 g Iv-
sozyme/100 | was added, the butyric acid fermentation was nearly com-
pletely prevented during a ripening time of eight weeks. ‘

From the results shown in this report it appears that the usual
amount of lysozyme added to cheese milk (500 U/ml) can only prevent
butyric acid fermentation in the Gouda cheese made from it, if the
number of spores of butyric acid bacteria does not exceed a 0,3 spores
per ml of cheese milk. This number is normal in the cheese milk pro-
duced during summer time. In most European countries the number
of spore in winter cheese milk amonuts at least to a level of a spores/ml.
Doubling the amount of the added lysozvme to 6 g per 100 |1 was
more effective, also in cheese made from milk with 13 spores/ml.






13 °C butyric acid fermentation was not observed during seven months
of storage.

At the continuation of the experiments on a small scale use was
made of a suspension of spores made by extracting heavily contami-
nated grass silage. Now less favourable results were obtained. The
number of spores in the « bactofugated » cheese milk was adjusted to
10/ml by adding a calculated amount of the extract. To one portion of
180 litres cheese milk 0.65% ovalbumen (corresponding to 500 U lyso-
zyme/ml) was added; to a second portion 0.22% ovalbumen was added.
Both portions were made into cheese. Figure 1 shows cross sections
of the cheese after four months ripening at 13 °C. When 0.65% oval-
bumen had been added to the cheese milk serious gas hole formation
was shown. At a reduction of the added amounts of enzyme to one
third the cheeses showed a very pronounced butyric acid fermenta-
tion. Further, two cheese experiments carried out in the experimental
dairy will be described.

Fig. 1 - Effect of adding varying quantities of lysozime on the occurrence of butyric
acid fermentation in cheese.

33: 0.65% ovalbumen added (corresponding to 500 U of lysozyme/ml
cheese milk).

39: 0.22% ovalbumen added.
Cross sections are shown of the cheeses after 4 months of ripening at 15°C.
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13 °C butyric acid fermentation was not observed during seven months
of storage.

At the continuation of the experiments on a small scale use was
made of a suspension of spores made by extracting heavily contami-
nated grass silage. Now less favourable results were obtained. The
number of spores in the « bactofugated » cheese milk was adjusted to
10/ml by adding a calculated amount of the extract. To one portion of
180 litres cheese milk 0.65% ovalbumen (corresponding to 500 U lyso-
zyme/ml) was added; to a second portion 0.22% ovalbumen was added.
Both portions were made into cheese. Figure 1 shows cross sections
of the cheese after four months ripening at 13 °C. When 0.65% oval-
bumen had been added to the cheese milk serious gas hole formation
was shown. At a reduction of the added amounts of enzyme to one
third the cheeses showed a very pronounced butyric acid fermenta-
tion. Further, two cheese experiments carried out in the experimental
dairy will be described.

Fig. 1 - Effect of adding varying quantities of lysozime on the occurrence of butyric
acid fermentation in cheese.
33: 0.65% ovalbumen added (corresponding to 500 U of lysozyme/ml
cheese milk).
39: 0.229% ovalbumen added. )
Cross sections are shown of the cheeses after 4 months of ripening at 15°C.
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Lysozyme

I. INTRODUCTION

Lysozymes were discovered and named by Alexander Fleming (1922). Later
Alderton et al. (1945) identified lysozyme in hen’s egg albumen and found it to be the
same as a previously known protein, globulin G1, discovered by Longworth et al. (1940)
using moving-boundary electrophoresis. The lysozymes of avian egg albumen, which is
the most plentiful source, shell and viteline membrane, belong to a class of enzymes that
lyse the cell walls of gram-positive bacteria by hydrolyzing the B-1,4 linkage between N-
acetylmuramic acid (NAM) and N-acetyl-glucosamine (NAG) of gigantic polymers
(NAM-NAG), in the peptidoglycan (murein). They are sometimes termed muraminidas-
es or more precisely N-acetylmuramideglycanohydrolases (EC 3.2.1.17). ‘Lysozyme’ is
the recommended common name. Lysozymes are ubiquitous in both the animal and plant
kingdoms, and play an important role in the natural defense mechanism. Lysozyme is
attractive as a natural food preservative because it is endogenous to many foods, specific
to bacterial cell walls, and harmless to humans. There are microbial, viral, phage, insect,
plant, and animal tissue lysozymes. Body fluids such as tears, saliva, urine and human
milk contain 2.6, 0.13, trace, and 0.2-0.4 mg/mi of lysozyme, respectively (Grossowicz &
Ariel, 1983). The lysozyme content in cow’s milk was reported to be much lower (<1/100)
than the above values in human milk (Packard, 1982).

II. OCCURRENCE

A. Sources

Egg-white lysozyme is the classic representative of the lysozyme family and the
related enzymes are called ¢ type (chicken- or conventional-type) lysozymes. One egg
contains about 0.3-0.4 g of lysozyme. Until now, eggs have been the easiest and most eco-
nomical source for recovering lysozyme. The presence of a radically different lysozyme,
called g type after the Embden goose, was discovered. Three of only four lysozyme g
sequences known to date have been reported. There is no evidence for the occurrence of
lysozyme g or its gene in living systems other than birds (Prager & Jolles, 1996).

0-8493-2047-X/00/30.00+8.50
© 2000 by CRC Press, LLC




2.3.

24.

2.5.

The number of spores of butvric acid bacteria in cheese milk was
estimated according to a modified procedure of Van Bevnum and
Pette (19). A MPN (Most Probable Number) — method was ap-
plicd using mostly five tubes in each of four successice 1 m] —
samples of milk and its dccimal dilutions. For the experiments in
the experimental dairy the same experiments was carried out; ho-
wever fifty tubes with 0.1 ml milk were used instead of five.

In some cxperiments the milk was « bactofugated ». For the pilot
plant experiments use was made of a modified Westfalia centrifuge
tvpe MN 1254. For the experiments in the experimental dairy the
Westfalia « Entkeimungsseparator » tvpe CNB 130 was used.

The number of spores of butyric acid bacteria was adjusted to the
desired levels.

In the pilot plant experiments use was made of a suspension of
spore of the pure culture of Clostridiim tyrobutyricum BZ 15 or
of an extract made from heavilv contaminated grass silage. C.
tyrobutyricum BZ 15 was grown for 3 weeks at 37 °C in AC-broth
(composition: Proteose-peptone no. 3: 2%; Bacto-beef extract: 0.3%:
Bacto-yeast extract: 0.3%; Malt extract: 0.3%; Bacto dextrose:
0.5%; ascorbic acid: 0.02%). The broth contained after incubation
about i x 10° spore/ml. ‘

In the experimental dairy the procedure applied to adjust the
number of clostridial spores was as follows. Milk was heated by
thermization, standardized (fat adjusted), cooled and stored at
5-6 °C. The number of spores of butyric acid bacteria was estima-
ted (MPN). Four days later the number was known. A calculated
part of the cheese milk was bactofugated. The concentrate obta- )
ined which contains about thirty times more spores than the milk,
was used to adjust the number of spore in the cheese milk to the
desired level.

3. Results and discussion

In a series of cheese experiments on pilot plant scale the effect of

lysozyme (preparation 1) was studied. A half percent of preparation 1
(385 U/ml) was added to four portions of 200 ] « bactofugated » cheese
milk. Spores of C. tyrobutyricum BZ 15 were used. So much was added
to the milk that the numbers in the four portions amounted to 0.2, 1.0,

5.0 and 25.0/ml respectively. In the cheese made from it and stored at
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1 10 20 30 40 50
Avian KVFGRCELAAAMKRHGLDNYRGYSLGNWVCAAKFESNFNTQATNRNT-DGS
Human E RTL LMG I A ML W GY R Y AG R
Bovine K Q RTL KL G K A L LTKW 8Y K Y PSSE

51 60 70 80 90 100
Avian TDYG | LQ | NSRWWCNDGRTPGSRNL CN | PCSALLSSD | TASVNCAKK | VS
Human F Y K AV A HLS QDN ADA A RV R
Bovine F K K NAVDG HVS EMEND AKA A H

101 110 120 129
Avian DGNGMNAWVAWRNRCKGT DV QAW | RGCRL
Human PQ IR QNR RQYVQ GV
Bovine E-Q IT KSH RDH SSKVE T

FiGure 1. Amino acid sequences of lysozymes of chicken, human and cow. Sites 1-40 of bovine are from cow’s
milk.

this problem, separation of lysozyme from egg white by ultrafiltration, ion exchange or
affinity chromatography has been suggested (Ahvenainen et al., 1980). A variety of cation
exchangers were compared and a macroporous weak acid type resin Duolite C-464 was
selected on the basis of a high lysozyme recovery of 90-95%, retention of whipping and
gelling properties of the lysozyme-free egg white, and ease of column manipulation (Li-
Chan et al., 1986). The purity of lysozymes separated by salting-out crystallization, ultra-
filtration and cation exchange were compared by Kijowski et al. (1999) using elec-
trophoresis, calorimetry and amino acid analysis. Polymerization, including the formation,
of active or inactive reversible dimers, upon denaturation especially heating was also
reported by the same authors.

B. Physico-chemistry

The molecular weight of chicken lysozyme computed from the amino acid
sequence of 129 residues is 14,307 and the isoelectric point is 10.7. Molecular weight
obtained by matrix assisted laser desorption/ionization mass spectrometry (MALDI-TOF-
MS) is 14,308 (Yang et al., 1998). The precision of MALDI-TOF-MS is 0.05%.

The isoelectric points of lysozymes are not always high; those of lysozymes
secreted in the stomach are much lower with pH values of 6-8. This variation is due to the
difference of arginine residues in lysozyme molecules in the range of 3-14. Chicken
lysozyme has a higher extinction coefficient £1% at 280 nm (26.4 vs. 4-15) than most pro-
teins because of higher contents of aromatic amino acids in the lysozyme molecule. There
is no sequence homology of chicken lysozyme (129 residues) with g type lysozyme (185
residues). The g type is three times more active than ¢ type (Canfield & McMurry, 1967).
The amino acid sequences of chicken, human and cow lysozymes are shown in FIGURE 1.
The latter two are mammalian lysozymes, and therefore, more homologous to each other
than to chicken lysozyme.

Human lysozyme is about four times more active in bacteriolysis than chicken
lysozyme although the hydrolytic activity against glycol chitin is about the same. Human
lysozyme has more arginine residues (14 vs. 11) than chicken lysozyme, especially near
Asp52 (FIGURE 1), but has a lower K, of 10000 vs. 71400 (M-1) (Imoto, 1996). This fact

might imply that there is no need of an excessively strong binding ability with substrates
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the critical number is higher (11). Nitrate is an effective means to pre-
vent butyric acid fermentation in Gouda cheese. Low amounts are suf-
ficient to prevent this undesirable fermentation. The contribution of
nitrate in cheese to the human daily intake of nitrate is negligible (12).
Also no indication is found that nitrate in cheese induces the forma-
tion of N-nitrosocompounds (13, 14, 15, 16). Nevertheless some conu-
tries require the presence of only low amounts of nitrate in cheese
when imported.

It was therefore investigated in the Netherlands Institute for Dairy
Research (NIZO) at Ede how far lysozyme could prevent butyric acid
fermentation in Gouda cheese. The experiments are still going but
the results obtained justify already some important conclusions.

2. Material and methods

2.1. The usual method for making Gouda cheese from pasteurized milk
was applied. On pilot plant scale 6 Kg Gouda cheeses were made
from 180 1 portions of cheese milk. In the experimental dairy
10-12 kg Gouda cheeses were made from 2000 litres of cheese milk.
As a control mostly cheese was made from milk to which 15 g
NaNO; was added. In making the experimental cheeses lysozyme
was added instead of nitrate. The BD-starter Bos was used in all
experiments described. The cheeses were stored at 13 °C. After
four weeks a part of the cheeses was further stored at 18 °C. Du-
ring storage the gas formation in the cheeses was checked by
sounding the cheese each week and by making X-rav photographs
(17).

2.2. The strength of the lvsozyme preparates was estimated according
to Shugar (18).

The following preparations of lysozyme were used:

2.2.1. Ovalbumen from NIVE, Harderwijk, the Netherlands (prepa-
ration 1). The strength of this rough preparation was only
77 U/mg.

2.2.2. Afilact from CODIPI, Levallois Perret, France (preparation
2). We found a stength of 19000 U/mg in this preparation. '

2.23. The lysozyme preparation from SPA Societa Prodotti Anti-
biotici SPA Milan, Italy (preparation 3). We found a strength
of 20000/mg in this preparation.

We used a Boehringer preparation (22000 U/mg) as a standard.
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J. Stadhouders - E. de Vries - G. van den Berg - G.J.Ch.M. van der Veer

The use of lysozyme for the prevention
of butyric fermentation in Gouda cheese.
The limited effect of the enzyme

1. Introduction
NIZO - EDE - NEDERLANDS

Pulay (1) detected that by use of lysozyme butyric acid fermenta-
tion in cheese was prevented. Wasserfall and Prokopek (2) studied the
use of this enzyme more in detail. Thereafter many literature data ca-
me available on the effect of lysozyme (3, 4, 5). Carini and Lodi (6)
confirmed the antiblowing effect of lvsozyme in Grana and Montasio
cheeses made experimentally from milk containing 0.25-2.3 clostridial
spores per ml cheese milk. Also Ghitti et al. (7) claimed that the addi-
tion of 25 ppm lysozyme hydrochloride to the cheese milk prevented
butyric acid fermentation in Grana Padano cheese when the clostridial
spore counts in milk amounted to 2/ml. Losi and Chiavari (8) reported
however that application of lysozyme was effective only when the spo-
re content of the cheese milk was low.

Another question is how the use of lysozyme affects the develop-
ment of the starter bacteria (lactic acid bacteria) or the organoleptic
properties of the cheese. Lodi et al. (9) found that in most cases lyso-
zyme up to 250 ppm to the cheese milk has non effect on growth of
the starter bacteria, their acid production and proteolysis in cheese.
Lactobacillus helveticus, however, was inhibited to some extent and
the proteolytic activity diminished. Battistotti et al. (10) observed so-
me change in organoleptic properties in Grana cheese when made from
milk to which lysozyme had been added. '

Gouda cheese is very susceptible to butyric acid fermentation. In
a recent paper (11) we mentioned the critical numbers of spores of bu-
tyric acid bacteria per ml of cheese milk starting to cause butyric acid
fermentation in Gouda cheese. When no nitrate is added to the cheese

milk, this number is about one or two clostridial spores per 200 ml
of cheese milk (0.005-0.01/ml). When nitrate is added to the cheese milk
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FIGURE 4. Reaction mechanism of ¢ type lysozyme [reprinted with permission from Imoto (1996); copyright
Birkhauser].

bind six sugar residues (Imoto, 1996). The six subsites along the active site cleft position
the catalytic groups Glu-35 and Asp-52 between subsites D and E.

IV. ANTIMICROBIAL ACTIVITY

A. Mechanism of action

Lysozyme promotes catalysis by inducing steric stress in the substrate. The reac-
tion mechanism of lysozyme is illustrated in FIGURE 4 (Imoto, 1996). Asp52 and Glu35
are the precise amino acids that participate in the catalysis. G/u35, which lies in a
hydrophobic environment, participates in catalysis in the protonated form, and Asp52,
which lies in a hydrophilic environment, does so in the dissociated form. The bond
between this oxygen and C1 on the D sugar is cleaved. A carbonium ion is formed on the
D sugar and this is stabilized by the formation of an oxocarbonium ion. The distortion of
the D sugar from the chair form to the sofa form favors this process. The negative charge
on Asp52 stabilizes the formation of a positive charge on the D sugar. G/u35, which par-
ticipates in catalysis in the protonated form, has an abnormally high pKa of 6.1 (normal-
ly 4.3), thus enhancing the catalytic efficiency. This abnormality is produced by the neg-
ative charge of 4sp52 and by the surrounding hydrophobic environment, especially of
Trpl08 (Inoue et al., 1992a; 1992b). Site-directed mutagenesis studies in which 4sp52 and




:gMOTI0J SB ST UOTHEBOTJISSBID qoodse [®

Burtoy 1eok3do =9
quaudoraasp Japun 3urroy =q
snodswnu 007 J0/pue 93JEBT 003 s3uTtioy

udaqul (1

STSATYNV TVIHOSNAS

HUWAZOSA']

MA ¢ 6 :mm ¢ MA 11 mnﬁ 1 68N sutwnqry
- G 6666 - Woy-% 9 S (83Bd93IN) 9

- 64666 - T I LeS 23Tym 339

- G4 G649 - TR T T (@3Ba31IN) a

- Bt Sy s - TR T T T G148 93Tum 334

- TR TR I ! - Wohohohs (83B8a3TN) e ¢l
;:w; prow orakqng c4rg 019 |3887 PTOR cw;xg?w. .;.m.u.ﬁ.m :

h ~ (1) ] w/n adA,,
| UOT4BIJUDDUOYD "
gagasyod  parxepm gogoaln paved L

(pe*3uod) ("N 4




Lysozyme ‘ | 193

In Gram-negative bacteria, the peptidoglycan that makes only 5-10% of the cell
wall lies beneath the outer membrane of the cell envelope. The lipopolysaccharide layer
of the outer membrane acts as a barrier against macromolecules and hydrophobic com-
pounds. The lipid component of the inner core of the lipopolysaccharide molecules
through their content of phosphate and carboxyl groups and their electrostatic interactions
with divalent cations reinforce the stability of gram negative bacteria cell walls towards
microbicidal agents such as lysozyme.

The antiviral activity of lysozyme is not associated with its lytic activity and was
reported to be associated with the positive charge of lysozyme (Cisani et al., 1984).
Addition of negative charges on lysozyme molecule, by succinylation, did not induce
antiviral activity against influenza virus (Schoen et al., 1997). It is possible that a purely
electrostatic effect of a protein does not suffice for antiviral activity. Possibly, a much
more specific interaction is involved.

Recently, Diiring et al. (1999) unexpectedly discovered that heat denatured T4
lysozyme as well as hen egg white lysozyme, in which the enzymatic activity was abol-
ished, preserved its antimicrobial activity. The membrane perturbing activity of denatured
lysozyme was demonstrated on bacterial, fungal, and plant cells. The amphiphatic C-ter-
minal domains of the lysozymes seem to have mediated the bactericidal and fungicidal
activities of the denatured lysozymes. A synthetic peptide, with sequence homology to the
amphiphatic C-terminal of T4 or hen egg white lysozyme, showed bactericidal and fungi-
cidal activities similar to the microbicidal activity of the C-terminal domain of heat dena-
tured T4 and hen egg white lysozyme. This finding suggests that lysozyme has both enzy-
matic and non-enzymatic microbicidal activity in native and denatured state, respective-
ly. Therefore, the antimicrobial activity of lysozyme may not be limited by heat treatment
encountered during food processing operations.

B. Spectrum of activity

Lysozyme is most effective against some specific gram-positive bacteria includ-
ing B. stearothermophilus, Clostridium thermosaccharolyticum, and Clostridium tyrobu-
tyricum. The spectrum of activity of lysozyme is easily broadened to other spoilage and
pathogenic organisms and even to some gram-negative bacteria when lysozyme is used in
combination with other compounds. Johnson (1994) demonstrated that lysolecithin
enhanced lysozyme inhibitory activity against yeasts. Gram-negative bacteria became
susceptible to lysozyme after the outer membrane of the bacteria has been disrupted by
compounds such as EDTA, aprotinin, organic acids or when lysozyme was conjugated to
carbohydrates (Johnson, 1994; Pellegrini et al,, 1992). It has alsobeen shown that within
some species, lysozyme may have different inhibitory activity against bacteria. Lysozyme
was shown to be effective against some S. aureus and ineffective against some others
(Johnson, 1994). Salmonella senfienberg 775 W is sensitive to lysozyme while S.
typhimirium is not. The spectrum of antimicrobial activity of lysozyme against gram-neg-
ative and gram-positive bacteria is shown in T4BLE and T4BLE 2, respectively. Results
are mostly from in vitro studies and have been compiled from different sources (Cisani et
al., 1984; Carini et al., 1985; Johnson, 1994).
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TaBLE 2. Antimicrobial spectrum of lysozyme against Gram-negative bacteria

Family Species Sensitivity

ENTEROBACTERIACEAE Escherichia coli -/ndr/+
Salmonella typhimurium I+
Shigella +

Proteus vulgaris -
Serratia marcescens .

Erwinia spp. +
Yersinia enterocolitica m+
PSEUDOMONADIACEAE P. aeruginosa +
P. fluorescens ndr
Achromobacter spp. -
PASTEURELLA Pasteurella spp. +
NEISSERIACEAE Neisseria spp. +
VIBRIONACEAE Vibrio cholerae
CAMPYLOBACTERIACEAE Campylobacter jejuni m+
KLEBSIELLEAE Klebsiella pneumoniae -
+ = sensitive, = = resistance, m+= moderately sensitive, nds= not demonstrated sensitivity, ndr = not demon-

strated resistance (modified from Cisani et al., 1984; Carini et al., 1985; Johnson, 1994).

known to undergo any adverse chemical or organoleptic changes that would be of concern
under normal food processing conditions.
Lysozyme has proven to be an economically viable alternative to chemical
preservatives in a number of food applications, most notably in cheese making.
Lysozyme is selective, at the level used industrially, for certain gram-positive
spoilage bacteria and may not interfere with a number of organisms that are considered to
be beneficial for human health.

B. Physiological advantage to host

Since its discovery, lysozyme has never lost its role in the control of bacterial
infection and the modification of host immunity (Sava, 1996). Lysozyme added to foods
is destroyed in the human stomach, making it harmless to humans. Lysozymes of both
human and avian origin kill gram-positive bacteria, binds to most of the lipopolysaccha-
rides (LPS) produced by various gram-negative bacteria, independent of variations in the
structure of lipid A and /or polysaccharide portions of the LPS molecule, with a high bind-
ing affinity to produce a complex, LPS-lysozyme, which results in lipopolysaccharide
detoxification and lysozyme inactivation. As a consequence of the detoxification, the bio-
logical activities of LPS such as the mitogenic and tumor necrosis factor (TNF) produc-
tion are significantly reduced by the LPS-lysozyme complex. The biological activity of
LPS, such as the mitogenic activity of murine splenic B lymphocytes and the TNF pro-
duction of RAW264.7 cells in vitro and of mice in vivo, were significantly reduced by
lysozyme (Takada et al., 1994).

Lysozyme, orally administered, has proven to be an effective immunostimulant,
antiviral and anti-inflammatory in cancer patients and individuals with herpetic lesions
(Inoue, 1987; De Douder & Marias, 1974; Satoh et al., 1980).
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FiGURE 6. Comparison between good Grana cheese and C. tyrobutyricum contaminated Grana cheese [reprinted
with permission from Canadian Inovatech, Inc. (1999); copyright Inovatech, Inc.].

1989). Lysozyme at 20 to 35 mg/L successfully replaced commonly used preservatives
such as formaldehyde, nitrate, nisin, and hydrogen peroxide in protecting cheese against
C. tyrobutyricum. Formaldehyde, nitrate, and nisin may be inhibitory to the starter and
secondary cultures required for the ripening of cheese. There was no significant differ-
ence, organoleptically, between lysozyme stabilized cheese and nitrate stabilized cheese.
The effectiveness of lysozyme in providing a natural enzymatic protection against C.
tyrobutyricum is directly associated to its specificity. In general, lysozyme inhibits the
spoilage organism, while not interfering with the starter culture. The activity of four
starter cultures, in Gouda chefzse, was not inhibited by lysozyme at concentration up to
2500 units/ml while growth of coliform isolates was inhibited by 1000 units/ml of
lysozyme (Bester & Lombard, 1990). In specific cases the tolerance level of the starter
culture may be somewhat lower and special care must be taken to inhibit spoilage with-
out inhibiting the culture. Lactobacillus helveticus in milk was inhibited by a lysozyme
concentration higher than 50 ppm (Makki & Durance, 1996).

Several patents claim the effectiveness of lysozyme at concentration as low as 50
ppm to prevent the development of undesirable microorganisms in butter and cheese for
more than 24 months. A patent obtained by Dell’Acqua et al. (1989) reported enhance-
ment of lysozyme activity around pH 5.2 in milk. Large volumes of lysozyme, about 100
tons, are used annually by the cheese industry to prevent the growth of C. tyrobutyricum
from germinated spores.

Listeria monocytogenes is of greatest concern in soft cheese and milk (Farber &
Peterkin, 1991; Schuchat et al., 1992). Lysozyme, at 20 to 200 mg/L delayed the growth
of all four strains of L. monocytogenes isolated during a food poisoning outbreak
(Johnson, 1994). The sensitivity of the pathogens to lysozyme depended mostly on the
physiological state of the microbe and on the growth medium. Milk and dairy products
have contributed the most to the outbreak of listeriosis. The rate of survival of L. mono-
cytogenes in milk is very high and the resistance to lysozyme has been associated with the
presence of minerals or mineral-associated components. [n Camembert cheese, lysozyme
was bacteriostatic but did not rid the cheese of viable L. monocytogenes (Hughey et al.,
1989).

2. Alcoholic beverages: Microbes commonly found in wines are non-pathogen-
ic because of the alcohol content and pH of wines. The most common bacteria and yeast
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disease outbreaks mostly in the US. Outbreak data have linked Salmonella, Shigella, E.
coli O157:H7, Enterotoxigenic E.coli, Cryptosporidium parvum, Cyclospora, Bacillus
cereus, hepatitis A virus, and L. monocytogenes. Fruits and vegetables are low-acid foods
and are very susceptible to spoilage by C. botulinum strains and L. monocytogenes. Three
US patents obtained by Dell’Acqua et al. (1989), Johnson et al. (1991), and Ueno et al.
(1996) report on bacterial decontamination of vegetables using hen egg white lysozyme.
The synergistic effect of chelators, in combination with lysozyme, delayed toxin produc-
tion in potato suspensions (Cunningham et al., 1991). Fruits and vegetables may also be
contaminated by non-pathogenic bacteria and fungi that may alter the quality of the prod-
uct. Fresh vegetables, tofu, kimchi, Japanese potato salad, sushi, Chinese noodles, and
creamed custards have been preserved using lysozyme or a combination of lysozyme and
amino acids (Cunningham et al., 1991). Patents filed, in Japan, by Eisai (1971; 1972a;
1972b) report the use of lysozyme in combination with glycine to preserve fruit juice,
uncooked noodles, bean jam, and custard cream. Fruit and vegetables were preserved by
a combination of lysozyme chloride, lower fatty acid monoglyceride, phytic acid and /or
sodium acetate (Q.P. CORP., 1985).

5. Chewing gum and toothpaste: Lysozyme, in chewing gum formulations, was
effective against periodontitis-causing bacteria, and gingivitis associated inflammation
and bleeding (Sava, 1996). Lysozyme is used in toothpaste, in combination with chloride,
fluoride, thiocyanate, and bicarbonate to lyse Streptococcus mutans (Goodman et al.,
1981). A US patent reports the use of lysozyme in combination with EDTA to control gum
infections (Rabussay, 1982).

C. Synergism - the hurdle effect

Lysozyme is not totally effective against all gram-positive bacteria and is inef-
fective against most gram-negative bacteria. Hurdle technology has been defined as a
combination of existing and novel preservation techniques in order to establish a series of
preservative factors (hurdles) that any organism present in the food system should not be
able to overcome (Leistner et al., 1995). Each preservative factor individually affects the

~ growth and survival of microorganisms and concertedly controls microbial spoilage and

food poisoning and makes it unlikely for any microorganism to survive. The hurdles may
be a combination of temperature, water activity, pH, redox potential, enzyme antimicro-
bial, salt, sugar, pasteurization, bacteriocin, ultra high pressure treatment, edible coatings,
gas packaging, bioconservation, etc. The preservative factors may disturb several or just
one of the homeostatic mechanisms of microorganisms, such as pH habituation of resis-
tant cells, and as a result the microorganism will not multiply but instead remain inactive
or even die. Hurdle technology as applied to lysozyme has shown significant improve-
ment in lysozyme activity against a wide range of bacteria. The combination of natural
preservatives such as nisin, lactoferrin, glycine, organic acids, egg white, trypsin, apro-
tinin, gelatin, ultrahigh pressure, and electroporation has in most cases performed better
against a wide range of bacteria than lysozyme used singly (Hauben et al, 1996; De
Douder & Marias, 1974).

Lysozyme and nisin, used singly or in combination with EDTA, was incorporat-
ed into the structure of biodegradable packaging films made from corn zein or soy protein
isolate and was evaluated for inhibition against Lactobacillus plantarum NCDO 1752 and
E. coli ATCC 25922 (Padgett et al., 1998). Packaging films were made using the heat-




93Tym 33 'se swkzoskT pasn mmMMM w M
SeM 9L S3887 J8yjo ayj ut {passn sem Luedwo) yjoy £q swAzosA1 aous mMmcoo H 5
pPazZieISAdD sBwLg-394ayg puk parjrand ayjg g "u 3883 8yg ug oodee M:mmu:ﬁ H .
uolrdqeqnout sfep | asjje s3599 aatjrsod syg aae sjayowvaq aprsut aowamm Hm:;m»xw H w
Sdsqunu 8yj3 fuorjeqnoutr sAep 99day) Jajje s9899 aaT3T80d 8yjy 3 I i -m
9JdE 39)0BJQ 8PISINOo sasqunu aysy ‘sqssgy T4T2UTSM 03 IuTpaoooy RALEDEY
LA T ! R VO R TR PR« (T)o NIOH m..CH 8cg
el T T T B P I A (1)0 muoﬂ :1CH 129 =01 i g6 (o1)8 m:oH :o~xﬂmm D
LA T SR S! I TR R A TR ¢ ()¢ m..OH _|C~. Lug :
S T | I T (no ot ot Cel -0 1 €296 (o1)e o1 OTX{1T|
‘ ; - - h- h
Y G4 66y g g (L)y meH oxoﬁ 866
PSS s oy g (9)¢ muoH mnoﬁ 66¢ -0'1 6" 16 (6)h ::oH :onHm B 4
U TR I TR Y R P (1)o -0t ot €6
" YL 44y G G- G (£)o Huoﬂ mnoﬁ $c9 -0'T 2e° g6 (ot1)ot mao~ :oﬂx@o 9
Py G G e S (€)e m..OH mio.m g16
i S B T T R T (6)¢ (Ot .01 90¢ -0'1 2166 (6)6 y-Ot OTEBES |
L S T I T R T« (D)o ¢.0T ol 995
- - 00 4y Seoy (g)o m:Oa mucﬂ ¢ge -0 1 6L €6 (o1)g :soﬂ :cﬂxmom e
..p.:.w.m N R
SHIOM S)Yo9M s)®99M QI S)ooM Jdaqunu 9 1083J8 TaTzUTON Jaqunu Jdaquinu "N
oo ge Yy Jd35Je tuasgje 94883 0T q U/ TI10) *Zranajgsed * * T10) SutIay) RESaHR
- TdT4utap (S3Je Jaqunu Lu/ 1
siskluue uraosusg TTO0  NOLLVHILNIINOD e — ,
- WA Z0S A'] AIIWN  dd4Z218NIALSVd ATIWN  Mvd
SISATVNY  ASTAHD SISATYNV  NTIW
(pa-quo0) TN aTa v



Lysozyme 201

" D. Potential applications

1. Meat products: Decontamination of meat and poultry carcasses during or at
the end of the production line is a recommended procedure as part of the HACCP
approach to help food processing facilities minimize the risk of contamination. In Europe,
chemical or physical treatment of carcasses are not allowed, while these treatments are
approved in the USA (Bolder, 1997). There is no report of meat carcass decontamination
using hen egg white lysozyme. The use of lysozyme as natural sanitizer to prevent bacte-
rial load on meat surfaces would fit the trend towards utilizing natural preservatives for
safety in foods. The shelf life of raw meat, following removal from carbon dioxide stor-
age, is always threatened by food pathogens and spoilage bacteria such as L. monocyto-
genes, Pseudomonas, Lactobacillus, Brochothrix thermosphacta, and E.coli. Lysozyme
delayed the growth of L. monocytogenes in fresh pork sausage but did not eliminate the
bacteria (Hughey et al., 1989). L. monocytogenes has been implicated in the contamina-
tion of paté, sausages and frankfurters (De Douder & Marias, 1974). Extensive work car-
ried out in Johnson’s laboratory at the University of Wisconsin, USA, has demonstrated
that lysozyme, alone, was less effective in controlling L. monocytogenes in pork sausage
(bratwurst), pork, beef, or turkey frankfurters than lysozyme plus EDTA. It was suggest-
ed that lysozyme may have inhibitory activity against L. monocytogenes in meat products,
but more conclusive work needs to be done. The synergistic effect of chemical preserva-
tives such as EDTA, polyphosphates, phytic acid, parabens, benzoic acid, sorbic acid,
hydrogen peroxide, and p-hydroxybenzoate was essential to delay growth and kill a sig-
nificant number of L. monocytogenes cells in minimally processed meat products men-
tioned above. Nisin, in combination with lysozyme, was more effective than lysozyme
alone on meat products. [z vitro studies have also shown delayed growth of L. monocyto-
genes cells but not a total growth inhibition. Lysozyme alone or in combination with other
biological preservatives offers an additional and acceptable processing parameter for
improving the safety and assuring the quality of meat products. Cunningham et al. (1991)
reported that vienna sausages were best preserved by a combination of dipping the cas-
ings in 0.05 % lysozyme plus phosphate buffer at pH 6.5, adding 0.055% lysozyme to the
cured meat, and dipping the sausage in 0.05% lysozyme in phosphate buffer at pH 6.5
after cooking.

Lysozyme contains a pentadecapeptide sequence I-V-S-D-G-N-G-M-N-A-W-V-
A-W-R (amino acids 98-112), obtained by enzymatic hydrolysis using clostripain at pH
7.5 and 37 °C. The pentadecapeptide induced non-catalytic bacterial death, against E.coli,
Klebsiella pneumoniae, Serratia marcescens and Streptococcus zooepidemicus, while the
cell membranes of these bacteria were not enzymatically attacked by native lysozyme
(Pelligrini et al., 1997).

2. Wine spoilage: The potential application of lysozyme as a partial replacement
of SO, to control malolactic fermentation in wines has reached industrial trials as the
enzyme has shown its inhibitory effect on the growth of lactic acid bacteria (Green et al.,
1995a; 1995b; 1995¢; Amati et al., 1995). Two other enzymes considered as effective
alternatives for reducing SO, use in wines are glucose oxidase and catalase. Glucose oxi-
dase and catalase are safe and effective anti-oxidizing systems. Glucose oxidase has been
used successfully to stabilize flavor and color in bottled white and rosé wines (Gomez et
al., 1995; Pickering, 1998). The addition of lysozyme alone or in combination with an
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has been shown to increase the apparent heat resistance of spores of non-proteolytic C.
botulinum. A 6-D inactivation could not be achieved with a heat treatment equivalent to
19.8 min at 90 °C and growth of Clostridium spores was detected in less than 93 days as
compared to samples containing no lysozyme, which did not show presence of
Clostridium for at least 93 days (Peck et al., 1993; 1992). Peck and Fernandez (1995) sug-
gested that for processed foods containing lysozyme at concentration up to 50 pg/ml prior
to heating, with an intended shelf-life of no more than 4 weeks and temperature of expo-
sure approaching 12 °C, incubation at temperature <12 °C would be required to ensure
safety with respect to non-proteolytic C. botulinum.

Lysozyme is probably not used extensively in processed cheese making because
the processing temperature was thought to be typically high enough to cause a significant
reduction in enzyme activity. However, the finding by Diiring et al. (1999) on lysozyme
will probably find applications where food is processed at temperature above lysozyme
denaturation temperature.

Cost has been another factor that has limited the use of lysozyme in applications
where the use of standard chemical preservatives, such as potassium sorbate, and nitrates,
is less expensive. However, as consumer demands for more natural and healthy food prod-
ucts increase over time this hurdle may be overcome as the ‘nutraceutical attributes’ of
lysozyme alone or in combination with other antimicrobials and preservatives become
more evident.

VII. SAFETY/ TOLERANCE AND EFFICACY

.

A. Metabolism: Physiological turnover/clearance

Lysozyme, like many other low molecular proteins, is easily filtered through the
kidney, reabsorbed by the proximal tubular cells and catabolized in the lysosomes. This
property has opened the door to using lysozyme as anti-infective and carrier for renal
delivery of various drugs including anti-bacterial agents (Haas et al., 1997; Meijer et al.,
1996).

B. Cell culture and animal studies

Egg-white lysozyme bound to LPS from E.coli 0111:B4 suppressed TNF-a. pro-
duction from macrophage-like cell lines resulting in a reduction of the lethal toxicity asso-
ciated with LPS (Kurasawa et al., 1996). The binding of lysozyme to LPS reduces the
mitogenic activity and TNF production by LPS and may be an important therapeutic mod-
ulator of inflammatory response during sepsis and septic shock (Takada et al., 1994).

Immunization of Balb/c mice with hen egg white lysozyme stimulated T-cell
activation while a conjugate lysozyme-PEG lowered the T-cell activating capacity of hen
egg white lysozyme (So et al., 1996).

C. Clinical trials

Clinical trials of lysozyme have been reported with mixed results. Yamada et al.
(1993) reported clinical studies that showed the development of specific IgE antibody
titers to hens’s egg white lysozyme in children allergic to egg. A careful examination of
several publications, such as by Urisu et al. (1997), Bernhisel-Broadbent et al. (1994),
Aabin et al. (1996), Holen et al. (1990), Picher and Campi (1992), Anet et al. ( 1985), and
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A drawback of the above controlled Maillard reaction is the very slow reaction
rate. As an alternative to the atmospheric treatment, it was found that shortening of the
reaction time was successful by using a high-pressure treatment of a solution (150 Mpa,
60 °C for 1 h). A remarkable 200% increase in the lysozyme activity compared to the
untreated lysozyme may have been due to a decrease in heat denaturation of the enzyme
protein rather than the promotion of reaction rate. As a result, high solubility was main-
tained for lysozyme without melanoidin formation (Nakamura et al., 1997). The same
group later found that from a lysozyme/dextran mixed solution treated at pH 4.5 with
NaCl (0.1 M) under 192 MPa and 19.3 °C, 10.4% of the conjugate was obtained after 88-
min treatment. This yield should still need improvement compared to the dry-powder
process with higher than 70% yield. The high-pressure treated conjugate exhibited an
increased antimicrobial activity against E. coli and S. typhimurium. Much higher activity
against gram-negative bacteria was revealed by a lysozyme-lactoferrin complex conju-
gated with dextran (unpublished result).

Through chemical modification of lysozyme by linking a saturated fatty acid or
hydrophobic peptide (PhePheValAlaPro) to the C-terminus, the activity against gram-neg-
ative bacteria was detected (Ibrahim et al., 1991; 1997). The gram-negative cells have an
additional membrane outside the cell wall. The cells manipulate the biochemistry of the
wall in a way that causes a local change in the biophysical parameter analogous to surface
tension. A possible explanation of the inactivity of lysozyme is that the enzyme is
entrapped in the outer membrane through specific binding to the LPS and hence becomes
arrested at this site. The specific hydrophobic binding and the resultant inactivation of
lysozyme by LPS isolated from a variety of gram-negative organisms were reported
(Ibrahim et al., 1994).

3. Genetic engineering: Kumagai and Miura (1989) were successful in enhanc-
ing the cell-lysing activity of chicken lysozyme three-fold by simultaneously mutating
N37G, W62Y and D101G, despite the fact that individual mutants did not show increased
lysing activity.

High-level expression of lysozyme (550 mg/L) in Pichia pastoris was reported
(Digan et al., 1989). It is desirable to produce the enzyme with different pH optimum,
altered specificity, improved activity and stability (Imoto, 1996). Frequently, mutations
that boost enzyme activity occur in unpredictable sites for simultaneous mutation of more
than one site (Rawls, 1999). The application of a regulated random optimization for site-
directed mutagenesis is recommended (Nakai et al., 1998). Selection of amino acid
residues to replace at site, which are randomly chosen, is made by using amino acid scales
for hydrophobicity, propensities for helix and strand or bulkiness. The Windows comput-
er program written for genetic optimization could accommodate any new amino acid
scale, if it is effective in searching for important functions of proteins.

It is worth noting that only one amino acid substitution (//e55Thr or Asp66His) turned
human lysozyme to an amyloid fibril protein (Pepys et al., 1993). Most proteins may have
an inherent ability to form fibrils like those found in the brains of Alzheimer’s disease vic-
tims (Borman, 1999).
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In mcsi c23Rs thess nclingz are elither toc larges cr tco

rumercus. The rezson of tnis Is unknown.
Fcr clarificaticn, to answer the guestion if lysozyme influences
the alteraticon cf tlowing germs 22tivisy and/or other unwished
b ocrsitle ¢f ripening (coliforms, anaerchic sporogsnes)
ity till now unknown, further fests are needed.
S, up to todeay carried out to answer this gquestion,
contrary to the experiments made in Rothelz (1970) in
ernment Cheesemeking Research Institute, the lysozyme, in
ve estatlished concentrations, can considerably delate the
ment of clestridia and also influence the development and
tion capacity of Str. lactis.

From the curdling time, aete”nlned w1 h the help of a
lactodinamcgraph, i1t I1s possible to establish that the suitable
concenirztion tc prevent the blowing, i.e SCC U cof lysczyme/ml
cf milk, shertens or delates only a listis the curdling time and,
cornseguently, has no influence on the curdling of milk.

The verificaticn made with the lactodinamcgransh revezlad aiways
The same degrees of consistence of the curd
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The cheeses cbttained with the addition of little gquantities of
lysozyme ané that blowed after 10 weeks ripening anéd storage at 15°C
generally have a numter of anaerobic sporogen es higher than those
where the blowing was prevented with lysozyme addition, as clearly
shown by Weinzirl test on substrate of glucose sclution (table 1).
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According to these data, in need of confirmation, it is possible
to state that the cheeses obtained with a large quantity of lysozyme
as egg white or crystallized enzyme, are not different if compared
£to the nisr»

e cheeses type EZDAM. It can be stated also that the
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Mcrecver, comparsd {c ths gzexed zheeses, they were alsc, aptarently,
mere tasty because ¢l ths rirsning mads withcul 2ny packing and of
the higher evzrcrzticn and, therefore, they wers mere "compacs".
3.4, Influence of lysczyme cn curdling

Tc determine the influence of different quantities of added
lysozyme con curdling, it was checxed the curiling time (see 2-4)
of contrel-milk without any addition and test-milk with additiors
T . in crder tc aveid the influence of milk inconstant
curdling times. The average curdling time of ccntrol milk was of
acout 3& minutes (range 29-46 minutes).

By a2dding nizrats cr zltumine, the curdling times were
sherftened cof 2,3 z2nd 4,% minutes riscectively; ty adding egg whit
or crystazlliized lysczyme, such times were increazssdé cf 5,5 ané 1,6
minutes rispectivaly. TFurthermors, the addition of =gz white caused
an Increzse ¢f zurdling time in azcordance with its concentraticn:
wizh 3C00-3CC T/mi{2as =gz whi<e) the Increzse of curdling time was
of zkecut 2,3 minusses and with 5CC-3CC U/ml was of adout 10,1 minutes.

L, ZVALTUATION OF RESULTS AND CONSEZQUENCES

The previous works purpcse was to establish if the nitrate, till
ncw used in cheesemaking vc prevent the late blowing, could be
repliacsd ty lysczyme dpresent, In large quantities, in the egg white.
On the basis of tests carriszd ocut till now, it is possible to state
that the minimum suiiatls concentrastion of lysozyme is atout 500 U/ml;
such ccncantrztion i1s higher than the one established by- other
investigators, i.s. almost mecre than twice. : i
Since the procduction standards followed ty said investigators in
thelr experiments are not revealed and, above all, there are no data
concerning the bactericlogical quality of milk used to this purpose,
it is difficult to esteablish why the lysczyme was added in concentra-
ticns higher than the suitable ones. It can be only supposed that the
milk used in Hungzry, Poland and Norway was, as regards the anaerobilc
spores ¢f BAB responsible of late blowing, of better guality than the

milk used in the above mentioned tests.

This fact is nct surprising as the above milk was stored in the farm
and then collected the day before manufacture and stored again at 8°C
for one day prior to use. As consequence, it could be ascertained
that the milk usad for this prcduction was unusually higHly contaminated
frcm the microbiolcgical point of view.

turers may employ &

Al<hough, in generzl, the cheese manufac
raw milx tacteriologically better, it is impessible, by a minimum
concentration of lysczyme, to avoid the nharzard of blowing that is






: All corntrcl cheesses Wers contzining an nigh numter of zrnzercoic

: spcrogenes thnat, accerding to Weinzirl, gave 7-10 pesitive results

! crn 10 tests, after 7 days incutaticn {(tabls 2} znd, excect for
scme cases, wers mere or less nighly blowad zfter 5 weeks ripening,
Wwith 2 sccore ¢f 1-3 for extsrrnal aspect ané 0-Z for internal aspect.

) Excepting the conircl cheeses of test n. 11, that were sho wing a

! pcor blowing (4 points for the external aspect, 2-3 points for the
internal aspect and 2-3 pcints for smell and taste) and exventing

§ also the control cheeses of test n. 12C, that were showing no evident

; tlowing after 5 wesks ripening, the typical phenomena of late bl owing

i appeared in the cheeses made with 400-500 U of lysczyme as albumine

; after an abnormal ripening of 10 weeks at 15°C.

i Said blowing phenomena, more or less evident, appears in these
prolunged ripenings alsc in the other cheeses obtained with albumine

; (tests rn. 124 znd R).

i The resulzs of senscorial tests cn lysczyme chees2s stored for

* 3 wesks 2t 3°C - tesis seriss ©-1% - zre reported in the table n.3.
Zxcepting the chesses ottalined with altumine (tests n. 12-13C) it
can 2 steated That the groducticn of chesses withous plowing is
rossitls with a concentration ¢f 300 U of lysczyme/ml of cheesemilk,
when the raw milx has only a pceor pctential dlowing (test n. 11B).
Anywey, Wwith 2n aigher concsntrziticrn of germs (higher number of
pesitive resulss in Welinzirl test) zlsc the use of concentrations
cf either 40C U/ml cr 3CC U/ml is not sufficient, since in-the EDAM
chesse tne heles appear I heavy way (test rn. 104 and 10C).

Netwithstanding the abcve resulis seem, apparently, of no

acccunt, tThe lysczyme, as =2gg white or crystallized procduct, can
be usesd tO prevent the lzte blowing. The use of albumine containing
lysczyme in conecsnirasisn of 400-5C0 p/mi cazuses a mecre or less
significative heling (fest n. 12 and 13C). Cnly with test n. 12C
it was ottained an almest acceptable quality of cheese, probably
cdepending on the fact that anaerobic sperocgenes wesoons#ble of the
heling were not so active as the germs present in tests n. 124 and
128. The senscrial test on control cheese es, reported in table n.2,
gzve the same results. Therefore, by adding egg white or crystalli-
zed lysczyme, the cheeses obtained with 500 U of lysozyme/ml had
the same beraviour as those obtained with nitrate (test n. 13)

The analysis carried out on cheeses from series n. 12 onwards,
on the basis of butyric acid presence, revealed that the addition
of lysozyme to cheesemilk not only reduced the holings formation,
owed to the blowing germs, but 2lso the buty‘_c acid production
when the latter was not sa fficiently inhibited.

The nct-pack=d cheeses, waxed after ripening and right away
red, were, from the sensorial point of view, better than the
cheeses packsd and stored at 8°C In generzl, they had an harder
consistence and a stronger flavour similar to the GOUDA cheeses.

-~
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Exhibit 3

Enzyme Technical Association
Petition for Listing of Egg White Lysozyme on the “National List”

Commercial Confidential Information (CBI) Statement

The information contained in Exhibit 2 of this petition constitutes commercial confidential
information concerning an ETA member’s proprietary trade secret manufacturing process. As
such, all of the information contained in Exhibit 2 is protected from public disclosure pursuant to
the applicable provisions of the Freedom of Information Act.

A “CBI Deleted” copy is provided with Exhibit 2.



Results Zvaluation after
Cheese '1 vacked and ripened
- : 5 wesaks
at 15°C
Cheese 2 packed and ripened .
P 10 weeks
at 15°C
Cheese 3 packed and ripened
at 15°C for 5 weeks 10 weeks
ard stored at 8°C
for 5 weesks
Cresss 1 rigened at 15°C feor
5 weeks, waxed and 10 week
stcred a2t 8°C for U Wes«s
5 weeXs

In this way, leaving out the quality comparison between the
cheeses obtained with different quantities and type of lysozyme,
it was possible to control the following parameters: 1. if the
ripening, after 5 and 10 weeks at 15°C, went on nermally without
any blewing; 2. if quelity differences were recognizable between
the cheeses ripened after packing znd the waxed cheeses.
To be surs that the milk used for cheesemaking was effectively
contzining the germs responsible of blowing, for each test it was
macde, still using the same milk, a whole cheese without adding
anything that could prevent the late blowing. .

All these tests were made with:the follcwing types of lysozyme:
1. Egg white separated from fresh egg. 2. Purified and 3-times
crystallized lysozyme by Roth Co. 3. Egg albumine (dried and finely
pulverized) of Merck Co. The egg albumine had a lysozyme content,
in weight, 9,6 times higher than egg white. To complete the test,
it was also checked the quality of lysozyme cheeses éompared to the
quality of nitrate cheeses (test n. 13).

n all tests, the total bacteria count of raw milk resulted of
81x10 -114x1C° u.c.f./ml and the pasteurization effect resulted of
91,2-98,5%. This result was sufficient to considerably reduce the
number of coliforms. The Weinzirl test on anaerobic sporogenes
resulted of 6-10 positive tests on 10 paralilel tests.






er T cdays at 27°C) and, ccnssguenzly,
it he cheess. The crgaznclientic tess,
d eeks ripening at 15°C on lysczyme
s out that - countrary tc the results cf
d Aarnes (1¢7¢) - a lysczyme concentra<iorn of
200 U/ml (about C,0Cl%) is not sufficisnt to prevent the late
blowing. In three tests out of six (n. 5A-5B-6A) this pocr capacity

sts
(of lysozyme) was clearly noticed, after 5 weeks ripening, from the
le

pcint of view of organoleptic cuality; in fact, the cheeses showed
holes and defcrmations and also unpleasant taste and flavour
Even with the addition of 300 U of lysozvme/ml of cheesemilk (tests
n. TA-7B) the cheese tendec to blow, although the first blowing
fault was evident only after 5 weeks ripening, with the holings
formation.
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3.2. Influence c¢f the content ané type of lysczyme on the cheese
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ning 10C 1 of milk of same source and quality, with
quanticies of lysozyme,in standard conditions of cheese
cture. 3 of the U whole cheeses obtained were packed, after
ng, with paper; the fourth was waxed after 5 weeks ripening.
C. and stored for further £ weeks at 8°C; afterwards it was
t to corgancleptic test. Of the 3 packed whole cheeses, One
tatively exhamined after 5 weeks ripening at 15°C;
another after 1C weeks ripening at 15°C; the third after 5 weeks
ripening at 15°C and after a storage of furhter 5 weeks at 8°C
(See scheme)
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time by time, the type cf lysczyme, the milk used for the crece-
ra-ion of lysczyme suspension and the ricering culiures in
crezzsence of ccliforms.

Tre series ¢l tests n. U4-3 was useful cnly to establish tne
lysczyme ccnecentrztion necessary to prevent the late blowing.
Every series was consisting of 3 tests, carried out in different
days z week, during which 2 whole cheeses were prepared with
different concentrations of lysozyme and a whole cheese was
prervares with the same raw milk but without any addition.

To be sure that the late tlcwing was really prevented by the
addition of lysozyme, the cheeses were tested both microbiolio-
gically and sensorially, not only according to the industrial
ccess, 3 after a ripening of S weeks,but alsoc after a
penin weeks at 15°C. Since the milks used in different
st from day to day and are ciffsrent one from the other,
0 regards the bacteriz count, toth gualitatively and
s 3 verificaticn of the chnesses ottained in different
differznt lysczymes ccncentraticns is, otviously,
with 2 cerzalin ressrve.

The resulis c¢f 2nalysis cn milk and chesse zre- reported in
~“he snc.csed fatls n.l._ The total pacteriza count of raw milk is
tetween 26x210° and Txil~ germs/ml; the =f7ect of the pasteurization
iz ¢of 23,33-9¢,38%; the pasteurization can drasticzlly reduce the
numter ¢l ccliorms. Orly in two cases (Zest n. 54 and 63), 1 and
0,1 rispectively ccliforms/ml of pastsurized milk can be found.
These results seem rot to influence the number of coliforms in the
ripened cheases.

The test carried ocut by Weinzirl 4o determine the number of
anasrcdlc sporogenes bacteria in raw milk, a2fter 3 days incubation,
resulted cf 2-10 positive tests on 10 parallel tests,and 9-10
rositive tests on 10 parallel tests afier 7 days incubation for
safety's sake. To the high number of positive tests, according to
Weinzirl, it alsc corresponds the fact, not evident in the table,
that, except fcr control cheese of test n. 6C, all control cheeses
cbtained without any addition of nitrate or lysozyme show, after

© weeks ripening, a more or less significative late blowing
(deformations, holings).The control cheeses of test n. 6C, after
S weeks and also after 10 weeks ripening, show no visible late
blowing, although it can be experienced a quite strong taste

(bitter).

While there was no evident correlation between the concentra-
tion value of lysczyme and the number of coliforms in ripened
cheeses, on the countrary, it seemed that a correlation was existing
between the first value (lysozyme concentration) and the Weinzirl
test: <0 a2 low lysozyme concentraticn (200-3CC U/ml) it was

crrespending an high number of anaerobic sgporogenes (5-10 positive

(4

-
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periacetic acid, calcium borogluconate, animal enzymes, leather meal and sodium chlorate.

WEDNESDAY, NOVEMBER 15, 2000

CALL TO ORDER - MR. ROBERT ANDERSON, CHAIRPERSON

Mr. Robert Anderson called the meeting to order at 2:20 p.m., he welcomed everyone and thanked
them for coming. Mr. Anderson had the National Organic Standards Board (NOSB) members
introduce themselves as well as the guests assisting them.

Public Comment Session - Mr. Robert Anderson, Chairperson

Tom Harding, AgriSystems International

He testified in favor of organic certification of sustainably harvested wild caught fish. He told the
Board that it must look at the system to determine how these fish are managed. He supported labeling
al product in a legal and defined way. He encouraged eco-labeling. He also said that

"access to pasture” must have a clear definition and that the Board must recognize that all operations
under all conditions are not appropriate for pasture all the'time. He supported a standards ceiling and
recommended that USDA not place a ceiling on standards.

Dennis Blank — He discussed his inability to get free flowing information from USDA or the NOSB.
(See attachment 1)

Bob Anderson replied that "not one committee on this Board makes a decision away from this table".
Mr. Anderson went on to say that never in his six years on the Board, five as Chairperson, did he ever
know of any Board member withholding information from the media. Mr. Anderson finally asserted
that it is the responsibility of the media is to engage in accurate reporting. Bruce Krantz, Vice
President/General Manager Hynite Corporation — Mr. Krantz presented comment on the Board’s
review of Leather Meal. (See attachment 2)

Joe Mendelson — Speaking on behalf of the Campaign for Sustainable Agriculture, he referenced a
letter attached to a recent survey results. Mr. Mendelson reviewed the content of the letter with the
Board, and discussed issues of transparency and development of program manuals. (See attachment

3)

Brian Leahy, Executive Director of CCOF — Mr. Leahy requested that the Board reject the petition
to approve leathermeal and sodium chlorate, and spoke in support of the label for "made with organic

ingredients".

Cissy Bowman - She expressed concern for keeping small farmers on farms and the need for the
stakeholders to include these interests. Ms. Bowman encouraged NASOP to be more involved as
many new states developing organic programs are not familiar with the stakes involved.

Tom Hutcheson, Organic Trade Association — On behalf of OTA, he welcomed the new NOSB
members. Mr. Hutchenson made reference to OTA’s historic role in the development of industry and

http://www.ams.usda.gov/nop/nop2000/boardmeetings/NOSB_Final_Min11-00.html 4/25/2002



¢l lysozyme ccritant in the milk,
tart of the lysczyme 2ided to milk
zased with the storage time, rea-
to the guantity added tc the milk
£-13% was of abtcut 78,8%).

ed that only a part of the enzyme

Tbe recovery of the enzyme in the whey was of about 88-98%.
If the lysozyme was addsd to milk prior to rennet, only a part
cf it could be found in the relevant whey. In general, this
quantity was nearly the 5-107%, so that atout the 90% of lyso-

zyme was linked to the curd and this result was considered

significative.

3.2. Prevention of the late nicwing

Before estatlishing the lysczym
to prevent the lz27s blewing, it was ¢
TC prcducs the IDAM chesse with lyscz
accerding tec the orocduction process o
(18745 . To thnis zurzcse, a seriss of
3 different days 2 week, dy preparing
milx iz2 with lysczyme, a control €
with nitrzte anéd a whecle cheese mide e s
without any addition. These tests, that cnpl yed lysozyme
guantities of 200-500-100C U/ml of cheese milk, proved that it
is possidle to procuce the EDAM cheese also with the addition
of lysczyme in Incdustrial scale and that withou:t the addition
cf nitrate cr lysczyme the late ticwing appezrs for certain,
trovided that the ccontent of anszerctic sporogenes is sufficiently

Since the manufacturs cf ZDAM cheese, with the additicn of
nitrate, causes no protlems when the operaticn is made accordingly,
no further control tests were deemed necessary. On the other hand,
as control test, it was used the cheese obtained without any
addition becauss, for this cheese, only the late rlowing test is
necessary, provided that, in raw milk, a sufficient number of
butyric spores producing the late blowing, is present.

Therefore, it is evident that the prevention of the late blowing
is owed to the presence of lysozyme.

In every milk, prior and after the pasteurization, it was
determined the total bacteria count and the number of coliforms.
The cheeses ripened 5-10 wesks were tested from the point of view
of the presence of znaerctic sperogenes and analyzed both micro-
biclogically and senscrially. The microtiological test was
carried on during the experiments to detect the number of coli-
forms and anaerozic s s. Furthnermore, 1t was analyzed,
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national standards and the offer of the association to continue that role. (See attachment 4)
The following people were not present but sent public comment to the Board:

Philip LaRacca, President California Certified Organic Farmers (See attachment 5)
Richard C. Nelson, President Nelson & Sons Inc. (See attachment 6)

Peter Granger, Washington Fish Growers Association (See attachment 7)

Ronald W. Hardy, Professor University of Idaho (See attachment 8)

Scott P. Ager, Technical Services Manager CH20, International (See attachment 9)

End of Public Comment

The meeting recessed for the day at 3:10 p.m.

THURSDAY, NOVEMBER 16, 2000

The meeting reconvened at 9:15 a.m. Bob Anderson encouraged the Board to stay engaged; stay open
and to continue to build on the environment of good working relationships, to strive for more
diversity on the Board and in the marketplace. Mr. Anderson passing the gavel to NOSB Chairperson
elect Carolyn Brickey. The agenda was reviewed with no changes.

NOSB COMMITTEE ACTION ITEMS - MS. CAROLYN BRICKEY, CHAIRPERSON

Livestock Committee: Mr. Eric Sideman, Chair

Mr. Sideman reported that the use of parasiticides in organic livestock production should be the last
resort in organic livestock health care, when animals are severely infected. In conventional
production, parasiticides are used routinely. He reviewed the history of how the Board approved
Ivermectin as one of the three parasiticides submitted for review. The Board chose Ivermectin
because it has the widest number of applications. On the other hand, Mr. Sideman pointed out,
Ivermectin does pose an important risk that needs to be addressed. Since Ivermectin is also an
insecticide it kills dung beetles and other organisms involved in the decomposition of manure. This is
a particular concern with slow release formulations of the parasiticide because such products are
designed to be active over an extended period and thus a large portion of the manure deposited over
the grazing season is resistant to decomposition. Hence the Livestock committee will recommend an
annotation to the approval of Ivermectin that will prohibit the slow release formulations.

Emily Brown-Rosen explained the issue of approvals of ingredients for livestock feed. She
introduced a proposal from the committee: if materials have been specifically approved for use in
organic processing and also are approved either as listed in 21CFR or the American Association of
Feed Control Officials (AAFCO)annual publication for use as livestock feed, the material should be
allowed for use in organic livestock feed. Betsy Lydon asked if this is a roll back, to review all the
approved ingredients in processing and allow them for use as livestock feed ingredients. Mr.
Anderson asked if this policy should work in reverse: to approve if not prohibited, by the AAFCO list
and CFR 21. Willie Lockeretz asked if there is a realistic difference in environmental concerns in
livestock use that would not be present in food processing. Mr. Sideman will prepare a proposed
resolution for the Board.

Materials Committee: Ms. Joan Gussow, Chair

http://www.ams.usda.gov/nop/nop2000/boardmeetings/N OSB_Final_Min11-00.html 4/25/2002
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coment time wzs ¢f 16 hours. As indicator, it wasused
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aration and evaluation of the cheeses

The EDAM cheese was produced with pasteurized milk (62-
€4°C/30 minutes) according to the process established by Prokopek
and Schmanke (197%4). For the manufacture of each cheese, were
used special containers of parallelepiped form, with a capacity
cf 25 1 each, where a totzal of 100 1 of milk was introduced
(28 2 in esackh corntainer). The addition of lysozyme in the
chessemaking was made Immediztely orior to rennet, as concentra-
t=22 suspensicr of enzyme in additicnal pasteurized milk.

In order To =valuats the eflfscts of nitrate znd cf
diffsrent lysczyme types on the curdling, it was checked the
formaticon and the consistence ¢f cassin curd, by means of a
lzctodinamecgrazn (Vess and Schmanks, 1973) during Fhe rising of

: ¢. Tc estimate the right consistence of curd, it was consi
the times necessary te reach a2 surface of 3 mm. after tbe
king of the curd (cirdling time).

The
according
(157L) cn
internal

5.1. Accur

enzy

Aczo:

standard

evaluation of cheeses ripened 5-10 weeks was made

to Vess (19€8) and alsc tc Wasserfall et al. advices
the basis of the fcllowing parameters: external aspect,
aspect, consistence, flavour and taste.

SULTS OF RESEARCH

acy in lysozyme determinaticn and recovery of the

me in:milk and whey
rding to the above menticned method, it was drawn up a
curve to determine the content of lysozyme.

The correlation between the extinction and the logarithm of the

lysozyme
with the
samples,
With the
cther, it

cencentration resulted in the range of 25-3,125 U/ml
help of a linear regression analysis, so as to have the
after the suitabtle dilutions, on the curve.

help of repeated determinations, different one from the
was found, on the same line of the relative error, a
Since every determination of

value of max. %,80% for each tes<t.

lysozyme ccntent was carried out with an average of values
obtained through twe different dilutions, each one repeated three
times, It was verified that every ccrnicentraticn of lysozyme had

2 max. =rrzr of 2%
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Ms. Gussow presented the Materials Database prepared by Organic Materials Review Institute
(OMRI). Ms. Brown-Rosen further explained the database. One purpose of the document is to
provide a history of materials review for new Board members. Ms. Brown-Rosen asked for
suggestions about format or request for additional information. Board members were asked to
respond to Joan Gussow or Kim Burton, NOSB Materials Committee, not to Ms. Brown-Rosen or
OMRI. Once corrections to format or accuracy are made. The database will come back to the Board
for acceptance. Carolyn Brickey noted that the Board would develop a document for historical Board
decisions not dealing with materials. This project will begin shortly.

The Materials Committee report was halted for an Environmental Protection Agency (EPA)
presentation.

PRESENTATION BY MR. JIM JONES, DIRECTOR, EPA PESTICIDE
REGISTRATION DIVISION

Jim Jones explained the status of the inerts review program at EPA. List 3 inerts already in approved
organic materials seems like a logical place to begin a review. Owusu Bandele asked if EPA could
also review materials for use as fertilizers as well, but EPA does not regulate fertilizers. Keith Jones
thought the American Association of Plant Food Control Officials (AAPFCO) might facilitate that.
Mr. Jones also discussed a new program that EPA will propose to offer manufacturers who petition
EPA the opportunity to obtain a seal that indicates that the product meets OFPA standards for organic
use. Manufacturers will need to submit a petition to EPA. This will be a voluntary program at the
request of individual pesticide manufacturers. Mr. Sideman raised the question about annotations for
organic approval and Jim Jones responded this issue would have to be addressed in the process. Keith
Jones asked the Board to think about language for such a label.

Becky Goldberg asked about the public comment period in relation to the March meeting. Jim Jones
suggested 90-120 days.

Keith Jones stressed the importance of language on the label. What EPA is doing is allowing
additional information to the marketplace, not engaging in oversight of the Board action. The issue is
how to communicate annotations. Willie Lockeretz is concerned about use by home gardeners who
may misinterpret the EPA label. Keith Jones reminded everyone that NOP does not regulate
consumers and home gardeners.

Steve Harper asked how the EPA will deal with materials that the NOSB recommends delisting.

Bob Anderson noted that this is an additional seal that manufacturers would see as a tool, an
incentive for organic practice. The EPA organic label would state that organic approval will be
allowed according to annotations, according to Jim Jones. Kyle Moppert noted that a violation of
label restriction would now be not only an organic violation but also a pesticide violation. Steve
Pavich asked how long it would take EPA to come up with this label. Jim Jones indicated that the
program could be up and running in about 90 days.

Carolyn Brickey asked for advice about the NOSB petition review process. The Board discussed the
opportunities for public comment and whether it would it be available for all material applications.
Ms. Brickey mentioned there might be some applications that would definitely not receive NOSB
approval and some may not have TAP reviews at all. Kim Burton mentioned the October 1999 time
line recommended by the Board and wants to consult with EPA.

http://www.ams.usda.gov/nop/nop2000/boardmeetings/NOSB_Final Min11-00.html 4/25/2002
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The ZdestermiInaticn cf lysczyme uses, as substrate, Micro-
coccus lysodelxticus cells killed by U.V. rays and, as standard,
an egg white lysczyme, three-times crystallized, by Roth Co. of
Karlsruhe, with an activity of 20.000 U/mg, according to the

method of Smclesis and Hartsell (1948) published by Difco Labo-

ratory (1966): each 5 ml of lysozyme solution is mixed with §
ml of substrate and its extinction is determineé in Elko III,
ty mezns of filters S55E, exactly after 20 minutes at room
temperature ((21°C).

For the determination of t nzyme in the milk, the whey
was cuaniiztatively recovered by 9*icii:"icaw.on with n~HCl at pH
4,5 and zubseguent filtrasicn thro igh f£i ter paper n. 595 1/2
by Schlsiczher and Schiill Co.; afterwards, the pE was increased
up to 5,2 wizn 0,1 n-NaOE. For the terminaticn (of enzyme) in
the whey, zne Tinzl clear sclution was centrifugsd for 15 min.
at atouf 20.0CC & =2t 2°C andé then filtered under vacuum through
a cellulcse nitrate-Tilter AEQ) by Schleicher andé Schiill Co.
with C,% um peores. . '

2.2. Ripening agents and microtiological analysis

As ripening agent, until now, it was used a mixture of
microorganisms with a proteclitic activity of nearly 25 pg of
released tyrosine/ml of milk in 5 hours at 30°C, 2nd 5% inoculum,
Afterwards, the proteolitic activity was determined according
o Hull method (1947) with the remarks of Citti et al. (1963)

croblological anzlysis on milk and cheese samples

ms _‘

+nNe MmicrT
were carrisd out according to the advices of Wasserfall et al.
(1974). .

-

Great care was taken in verifying that the milk used for
the cheesemaking and lysozyme suspension was free from any
inhibitory substance. For these analysis we would like to
thank Mrs. Dr.Suhren of Milk Hygiene Institute.

2.3. Determination of butyric acid

The butyric acid presence in the cheeses was determined
by extraction of volatile acidity, according to Ritter
method and by separation on paper chromatography. This test
was carried out in the decreasing phase by using a paper n.

il
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Materials Committee - Continued: Ms. Joan Gussow, Chair

The proposal for materials decisions for Crops, Processing, and Livestock was reviewed. Mr.
Anderson suggested that this document go out to the Board with the advanced Board packet.

USDA/NATIONAL ORGANIC PROGRAM UPDATE - KEITH JONES, PROGRAM
MANAGER

Keith Jones acknowledge the presence of Mr. Michael D. Fernandez, Assistant to the Administrator,
Agricultural Marketing Service (AMS), USDA. Mr. Fernandez briefly addressed the Board on behalf
of Kathleen Merrigan, Administrator, AMS. Keith Jones discussed the Freedom Of Information Act

(FOIA) process.

Keith Jones then reviewed the authorization levels for contracts for service. The Program Manager
has authority to execute contracts up to $5,000. Mr. Jones indicated that a contract over $25,000 may
not require bidding. Within certain guidelines, contracts can be sole sourced. Mr. Jones addressed in
detail the $100,000 contract awarded to OMRI for material technical advisory panel reviews which
was originally offered to both OMRI and the Organic Farming Research Foundation (OFRF) at
$50,000 respectively. He stated there have been some questions why NOP did not put the materials
review contract out for bid. He stated because of the time needed to do a request for proposal it was
decided to do a sole source contract under an "urgent and compelling" authorization. Finally, the
OMRI contract was submitted to both organizations and OFRF, after review, chose not to execute its
purchase order. To continue to obligate the funds, an additional $50,000 was then requested to be
awarded to OMRI.

Steve Pavich asked about competition. Mr. Jones said the Department tries to encourage competition
for requests for proposals, but indicated that there is little point in requesting proposals if only one
person or organization applies. Mr. Jones added that due to the unique and esoteric nature of organic
material review, vigorous competition among organizations may not occur.

The discussion returned to FOIA information. Steve Harper asked if some of the information being
requested by FOIA could be available on the web. Mr. Jones agreed that some information could be
made available, but not unapproved committee minutes and contract details. Until the minutes are
approved, they are considered pre-decisional and unavailable to the general public. Willie Lockeretz
asked if he should assume that any correspondence between the NOSB and the NOP are subject to
FOIA. Mr. Jones answered yes. Any Board business is subject to FOIA.

Keith Jones also explained that NOP is issuing a proposal for a staff person to do administrative
assistance for the NOSB. It will be a two-year contract for $20+K and will hopefully be on the street
within the week.

Mr. Jones explained that the final rule was undergoing clearance at the Office of Management and
Budget and is on target for publication by the year’s end. Ms. Brickey asked about advance notice to
the Board regarding the release, and Mr. Jones stated the Board would be briefed by a process similar
to that used with the March 2000 proposal. Specifically, the rule will be sent to Board members the
day before the press conference and will be on the web for pubic viewing the morning of the press
conference. Mr. Jones said that Secretary Glickman sees this rule as one of his crowning
achievements. Media interest is increasing.

The Final Rule becomes effective 60 days after publication if Congress does not object. Eighteen (18)
months after the 60 days, the rule will be fully implemented. Betsy Lydon asked if Congressional

http://www.ams.usda.gov/nop/nop2000/boardmeetings/N OSB_Final Minl11-00.html 4/25/2002



sesst and will Te uszd in the fuiTure.

%he trizls carrizd cut in the za2st yszrs ¢i< nct succeed in
finding any surzstance zatle Ic zontrcl the late tliowing In the
cheeses. As reported by Pulay and Xrasz (19%27) and later by
Koteroskz et 2. (16723, it is pcssitle to prevent the butyric
late blewing in the cheeses when the vet milk is added with
lysozyme, discovered by Fleming (1922) and afterwards characte
rized, as egg white at a concentration of 0,1-0,2% (about 80—
160 U of lysozyme/ml). These results were ratified by Aarne
(1974) whe estatlished that the addition of 1,0-1,2 g. of 1ys_q
zyme/100 1 of cheesemilk (about 200-240 U of 1 sozyme/ml)

could give good results.

The lysozyme is an enzyme cresent, in high concentraticn,
in many animals secretions (tears, mucous secretion, egg white
ete.) anéd is impcrtant because It cleaves the clycos:d;c

linkeges of the ceil wall betwsen N-zcefylmuramic z2cid and
N-acetylgliucosamine ané, ccnseguently, lyses z series of gram+
anéd grem- bacteria. The gram- bacteriz resistance tc lysozyme
iz cw2d Sc the odresence of CA++ icns, imrertant tc stactilize
tnhe lipcoolysaccharides, so that, through the removal of CA++
ions ©y ZDTA, the activiiy of lysczyme on murein is restored
(Da7is et 2l., 1S7C).

deccording to Pulay and Xrasz (18€7), the enzyme, at 2 con
centration of 1 ug/ml, has no zactivity cn lactic bacteria and
coliform bacteria and lyses the cell wall of Cl. butyricum at
a concentraticn of 10 ug/ml in buffer or distilled water at 15°C.
According to the results of Rothclz RBecks (1970), higher con-
centraticns cannet give better results tec control cor to decrease
the growing of clostridia in cheesemilk, whereas the lactic
bacteria benavicur on the enzyme is diffsrent. According also
to Xataoka and Xakae (1972), the enzyme has a different .activity
on E.. subtilis and S. lactis, depending on the enzyme concentra-

tion 2né the growing temperature. According to references
(Jolles, 19€0) the lysozyme is stable in acidic pH and unstable
in alkzline pH. The isocelectric pE is between 10,5 and 11,0.
The lysczyme is totally inactivated by pepsin, photoionization,
X-rays and surface active agents; it is irreversibly ihactivated
by iodine. Its molecular weight is between 13.000-18.000.

The results of experiments carried out in Hungary, Poland
and Norway to prevent the late blowing in the cheeses clearly
peint out that the nitrate, usually employed in Middle Europe,
can be replaced by lysozyme that is present, in large quantity,
in the egg white.

The present research was undertaken upcn request of the Ministr
of Youth, Family and Health, and by it sponsorized, in order to

establish a starting poéint.
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comments, if any, go directly to Keith. Mr. Jones said he would find out about the protocol under The
Small Business Regulatory Enforcement Fairness Act of 1996 (SBREFA). Mr. Jones said that no rule
of any kind has been rejected under SBREFA.

The top two issues for NOP after final rule roll-out are program manual development and materials
(substance) review. NOP will want input from certifying agents about how the rule will work on the
ground and will use feedback from certifying agents and the NOSB as a way to prioritize the program
manual development.

Bob Anderson asked Mr. Jones about the status of nominations for new Board members. Mr. Jones
replied that the nominations are a priority for the Secretary and Administrator Merrigan but that he is
not privy to the status of the selection process. Ms. Brickey stressed the need to have new members in
place by the next Board meeting which will focus on implementation of the final rule.

Accreditation Committee: Ms. Betsy Lydon, Chair

Betsy Lydon asked the Board for confirmation that the Enforcement Task Force is heading in the
right direction. She distributed the list of considerations for the memorandum of understanding
(MOU)between NOP and the States, the same document as previously seen by the Board. Betsy is
asking for any new comments. Two matrices, one for Crops and Handling, one for Livestock were
also distributed and she asked to come back with comments by December 1. For the benefit of new
members, Diane Goodman explained the relationship of the matrices to the MOU with the States.

13

MATERIALS PROCESS AND REVIEW - Ms. Joan Gussow, Materials Committee
Chair

Periacetic Acid for Crops

Discussion: Steve Pavich explained the committee position on the TAP review and recommended
approval with annotations Discussion revolved around the source of acetic acid and the production
availability of fermented acetic acid, rather than synthetic acetic acid. The crops committee
recommended to allow use for disinfecting equipment, seed and planting stock, and for foliar use for
fireblight control. They recommended it be prohibited for soil application, due to concerns that such
use is not compatible with a sustainable agricultural system and that alternatives, such as solarization
do exist. Foliar use on crops was discussed, and the crops committee found that although the material
is broad spectrum in effect, it is of short persistence and breaks down in the environment to water and
oxygen. Its potential use as an alternative to antibiotics for control of fireblight was seen as a positive

factor.

Several intermediary votes were taken on components of the annotation (vote to allow to disinfect
seeds and bulbs; 8-2-4: vote to allow for fireblight control: 10-3-1.) As written, the annotation would
not permit soil use.

The TAP review recommended limiting the material to sources derived from naturally fermented
acetic acid sources only, however after discussion of the difficulties of identifying and finding
sources produced this way, the crops committee agreed to drop this restriction. Steve Harper,
processing chairperson, pointed out that the listing should be consistent for all uses (crops,
processing, and livestock) and described his research into limited availability of fermented acetic acid
sources. When used in processing applications, purity considerations may also limit the source. He
also questioned a requirement for a natural source of one component when the material is considered

http://www.ams.usda.gov/nop/nop2000/boardmeetings/NOSB_Final_Min1 1-00.html 4/25/2002
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TEE LATE BLOWING IN CHEEZSE

By F. Wesserfzll, E. Voss and D. Prokcpek

1. INTRODUCTION

In the manufacturs of chesses, the nisrate is usually added tc
the chessemllk to grevent the late blowing caused by the activity
¢l sctcrogsnic anzsrcbicz nacteria.

The sperss ¢f this tacteriz plzy an imperiant role because, being
already present in raw milk, they are nct destroyed during the
thermization (pasteurizaticn), contrzry to the most part of vege-
tative c2lls, znd produce bacteria thz: affsct the gocd ripening.
This fzct Is considerzbly dangercus since even few spores present
1n the cheesemilk may increase so as o start the late lowing
(Dorner, 1955; Bollingsr, 1652).

The importance of nitrate in preventing the late b”ow*ng
cepends on the fact that the added nitrate is reduced to nitrite
ty the xaznthincxidase of milk and, ccrseauent¢j, the vegetative
forms of the cpores, responsinle o the late blowing, are inhibited.
Among thess, the spores of Ci. tyrcoutyricum are contemplated.
Considering also that the nitrate can react with secondary amines,
present in the chesse, preoducing nitrosamines that are cancercgenic
substances, the possibility to avoid the addition of nitrate must
be taken Iinto considerztion. To snswer this question, the following
pcssibilities were exhamined (approval of BAFM, 1968):

1. The procuction of a raw milk, if possible fres from sporogenic

anaerobic bacteria (Wasserfall et al., 197L4) and, consequently, the
limitation of value of bacterioclogical content in the silage to
hinder the growth of butyric bacteria; 2. The reduction of number
of spores by using nect legalized hydrogen peroxide or
bactofugation; 3. The use of antibiotic nisin or nisin producing
bacteria; 4. A modification of the production process through which
it could be possible to prevent the increase of sald spores.

The above mentioned measures, as ascertained in these tests and in
others, up tc the present, were neot successful in preventing the
late blowing and, consequently, the nitrate is still used as in the
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a synthetic anyway. The board considered the overall benefits for use as a disinfectant to warrant
dropping the restriction on natural sources.

A question was raised about the uses actually requested in the initial petition. The original petition
was from the 1995 petition period, and was only a general request for disinfectant purposes in
livestock production and handling, although the TAP review covered other uses. The board agreed
with NOP staff person Richard Matthews, that as general policy, the NOSB should only be reviewing
uses requested by petitioners.

VOTE: Periacetic Acid for Crops

1. Synthetic or Non-Synthetic — The Board voted unanimously that periacetic acid is
synthetic.
14 - yes, 0 — no.

2. Vote to list without annotation: 0 — yes, 14- no

3. Vote to list with the following annotation: 13 —yes — 0 no, 1 — abstain

"Allowed to disinfect equipment. Allowed to disinfect seed and asexually propagated
planting material (i.e., bulb, corm, tuber) used for planting crops. Allowed for fireblight
control only with Experimental Use permit with documentation that alternatives
including biocontrols have been tried."

Periacetic Acid for Livestock

Discussion: The board discussed a possible additional allowance for veterinary use, but declined to
include that in the annotation, due to lack of established need or direct request from a petitioner.

VOTE: Periacetic Acid for Livestock

1. It was approved as a synthetic: 14-0-0
2. Approved with the following annotation: 13-0-1

"For facility and processing equipment sanitation (barns, milking parlors,
processing areas)."

Periacetic Acid for Processing

Discussion: There was discussion about approving materials with an annotation and the implication
that certain uses may be prohibited if not specified, which is not entirely correct. Becky Goldberg
recommended that prohibitions should be clearly communicated. The TAP review mentioned other
uses for peeling and bleaching, these were not recommended by the committee. Also the Board
discussed how to communicate changes in annotations that may arise with new petitions for a
material already approved. A question was raised as to how to provide information about considered
and rejected uses, to discourage people from re-petitioning for uses that have already been rejected.

VOTE: Periacetic Acid for Processing

http://www.ams.usda. gov/nop/nop2000/boardmeetings/NOSB_Final Min11-00.html 4/25/2002
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It was approved as a synthetic: 14-0-0

Vote to list without annotation: 0 —yes, 14- no

Approved with annotation of "Allowed for direct food contact only in wash and/or rinse
water. Allowed as a sanitizer on surfaces in contact with organic food." 14-0-0

W

Calcium-Borogluconate for Livestock

Discussion: The livestock committee recommended allowing and stressed that it is an emergency use
treatment that should be needed only on rare occasions. The TAP review suggested language about
preventive measures in the annotation, but this was deemed vague and also covered in the proposed
rule language that requires preventive practices before medications are used. Dietary adjustment can
be made over time to prevent milk fever. The TAP review mentioned use for grass tetany also, but
the board declined to allow for that use without more information or a specific request. A suggestion
to require a 48-hour withdrawal requirement, as is required by Codex rules for all medications was
not supported. Milk is typically not sold for at least 24 hours after parturition, and will contain mostly
colostrum for the first 48 hours.

VOTE: Calcium Borogluconate

1. Approved as a synthetic: 14/0/0
2. Vote to list without annotation: 0 — yes, 14- no
3. Approved with annotation of "For treatment of milk fever only." 14-0-0

Sodium Chlorate for Crops - Steve Pavich

Discussion: This material was petitioned for use as a cotton defoliant. Kyle Moppert pointed out that
currently most organic cotton is coming from dryland production areas due to reduced insect
pressure. Eventually more cotton will be grown in lowland areas or areas on the margin of

* adaptability and defoliants will be more of an issue in those regions. The board discussed the fact that
alternatives seem to be available, and that the existing organic cotton industry is managing without
this material.

VOTE: Sodium Chlorate for Crops

1. Vote to consider the material synthetic: 14 — yes, 0 — no
2. Prohibited Synthetic. 14-0-0

Leather Meal for Crops -Steve Pavich

Discussion: The crops committee recommended the material be considered synthetic and prohibited.
The synthetic determination was made based on the numerous additives introduced through the
leather making process. The Board agreed that there are many natural alternatives for fertilizer use
that are readily available, and asked what uses the material currently has. The petitioner indicated that
leather meal is currently applied to conventional tobacco, citrus, and orchard crops. Willie Lockeretz
noted that the record should be clear, that the NOSB rejected the material based on the facts that it is
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synthetic and it has no specific exemption in OFPA.

VOTE: Leather Meal for Crops

1. Vote to consider the material synthetic: 13 — yes; 0 — no. (1 absent)
2. Vote to add to National List: 0 — yes, 13 — no

Animal Enzymes for Processing -Steve Harper

There was discussion about which enzymes are currently in use by the industry. The TAP review was
presented as a group review of animal enzymes, using animal-derived rennet as the model, and
included additional information on six other enzymes. The processing committee considered
proposed annotations from the TAP review that restrict incidental additives and preservatives used in
enzyme preparations. They noted that powdered forms are preferable, though not always available.
Liquid formulations may have sodium benzoate added. The processing committee did not support a
requirement for GRAS status. The representative present from the enzyme association explained
GRAS as frequently self-imposed, not always FDA- approved with published regulation. FDA has
never taken action against enzymes used in the market that claim GRAS and are not regulated by the
FDA. It is difficult to determine whether a material is synthetic or natural, depending on the presence
of synthetic additives. A request for GRAS status for lysozyme was filed in 1973. The FDA
published a Federal Register notice in 1998 proposing to affirm it as GRAS. Given the change in
policy, the determination is not expected to be granted any time soon. Joan Gussow questioned
whether determination of freedom from BSE can readily be determined.

The board decided to list 6 specific animal enzymes as allowed, without annotation. They did not
include a listing for lysozyme, which does not have a final GRAS status from FDA. Discussion ended
with the fact that the NOSB is voting on the enzymes, not on the additives.

VOTE: Animal Enzymes

1. Vote to consider the material synthetic: 0 — yes; 12 — no. (2 absent)
2. Vote to list the following materials without annotations and without Lysosyme. 10-yes; 2
- no, 1- abstain ( 1 absent)

Rennet (animal derived); catalase--bovine liver; animal lipase;
pancreatin; pepsin; trypsin.

Recessed for the day.

FRIDAY, NOVEMBER 17, 2000

MEETING RESUMED 9:00 a.m. — Carolyn Brickey, Chairperson

Aquatic Task Force Working Group Reports: Mr. Robert Anderson, Task Force Chair
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Mr. Anderson presented an overview of the intention and structure of the Aquatic Task Force and
Working Group. The Task Force is made up of an Aquaculture Working Group and a Wild Aquatic
Species Working Group. The chair of each group gave a working report to the NOSB.

Aquaculture Working Group -Ms. Margaret Wittenberg, Chair

Ms. Wittenberg explained that the premise for the working group is to determine the feasibility of
establishing organic standards. Margaret addressed the issue of fish meal and fish oils as feedstocks
for fish as necessarily organically produced. This led to the question of fish as free-ranging and its
comparison to poultry on "free range" which is actually "free range" within a confined area. (See
attachment 10)

In summary, the majority position of the Working Group is that possibilities exist for organic
certification of some aquaculture systems.

Wild Aquatic Species Group -Mr. Miles McEvoy, Chair

Mr. McEvoy summarized the opinion positions of the members of the Working Group regarding the
certification of wild fish. (See attachment 11)

Summary points:

Wild organic is neither a "no-brainer" nor is it an impossibility. The working group supports labeling
to distinguish good stewardship of aquatic species, organic may not be the appropriate label.

Keith Jones made the statement, to provide guidance to the Board, in his own opinion, that there is
probably more knowledge about where wild fish go than there is about where cattle graze on
rangeland. He praised the progress Miles and Margaret have made in this effort and how they have
provided the Board with information they will need to move forward.

Carolyn Brickey and Bob Anderson explained that today’s goal was to lay out the parallels and
comparisons to help the Board approach this issue, not reach any conclusions.

COMMITTEE ACTION ITEMS - Carolyn Brickey, Chairperson

MOTION: Motion by Eric Sideman. The NOSB recommended that the annotation for
Ivermectin be amended to prohibit the slow release formulation known as the SR bolus. In
addition we request that information continue to be gathered in order to determine if other
formulations are a significant risk to decomposition of manure. Marvin Hollen seconded.

REVISED MOTION: The NOSB recommended that the annotation for Ivermectin be amended
to prohibit the slow release formulations such as the SR bolus.

The Board discussed whether the annotation would prohibit slow release formulations or to prohibit
other formulations. Keith suggests that more data be obtained before the Board makes this decision.
Mr. Sideman asked Mr. Jones if this recommendation could make it into the rule. Mr. Jones said that
it was not possible now. This raised the question about how changes will be made after the rule is
final. Keith responded that the Board will be acting on materials during implementation, so that when
the rule is fully implemented, the changes will be reflected. Keith says that any change to the final
rule has to go out for public comment, so it is better to raise these issues early in the process. He
wants to go through the correction process only once. Kim Burton asked when the National List will
be reprinted. Keith Jones wants to talk about this issue in March. The Board needs to act on
materials as quickly as possible to get it incorporated into the rule within 18 months.
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CHEESE PREFERENCES AND TRENDS

g IN THE UNITED STATES
Lace 196Ss Early 1980s

Variety of Cheese % of Al Cheese Y of Al Cheese
American chesse 455 5.2
Cotiage chesse 0.9 23.8
{:ziizn varienes 11.2 18.3
Swiss cne2se 4.5 7
J-eamn and Neutfcnitel 4.3 1.4
Viinster cheese 1.9 1.4
3rick 2.8 d.5
2iug chesse J.7 0.8
il other variedes - 0.9 1.2
Totai productionvear

3iilion sounds 2.3 3.7

3ulion xdograms 1.3 1.7

Souree of Dasic information: U.S. Depactment ot Agriculture
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The Ivermectin motion passed unanimously (12/0/0). (Mark King and Joan Gussow absent)

MOTION: Motion by Eric Sideman. The NOSB recommends that unless otherwise specified in
the annotation any substance on the National List of non-agricultural substances allowed as
ingredients in an organic processed food product also be allowed for use in organic animal feed,
provided it is regulated in 21 CFR for livestock feed or allowed by FDA with discretion to
AAFCO. Betsy Lydon seconded.

Discussion: A number of items on the processing list are used in ingredients for feed additives and
have been permitted by the board for human food use, such as citric acid, kelp, kaolin, ascorbic acid,
tocopherols, glycerin, lecithin, and potassium carbonate. Their status is not clear under the current
livestock regulations, which requires that all synthetics appear on the National list. This motion will
save the need to re-petition and re-consider these items individually.

REVISED MOTION: The NOSB recommends that unless otherwise specified in the
annotation, any substance on the National List of non-agricultural substances allowed as
ingredients in an organic processed food product also be allowed for use in organic animal feed,
provided it is approved by FDA in 21 CFR for livestock feed or allowed by FDA discretion as
stated by AAFCO. Passed unanimously (11/0/0).

MOTION: Motion by Eric Sideman. Mr. Sideman moved that the minutes from the June 6-7,
2000 be approved as amended. Kim Burton seconded. The motion passed unanimously.
(11/0/0). '

BREAK FOR LUNCH
Materials Committee Work Plan — Ms. Kim Burton, Chair

Kim Burton reviewed the Petition Review Process timeline based on recommendations of the Board
that would take 120-150 days from receipt of petition to approval. The Chair suggested that we work
backwards, from March approvals back to petition to OMRI. OMRI staff said OMRI needs three
months for TAP reviews. If petitions are received by December 1 by NOP they can go to OMRI by
December 15. TAP reviews will be open for public comments for 15 days prior to NOSB meetings.

Keith Jones reminded everybody that these contract funds need to be spent which would require the
review of 50 materials by October, the end of fiscal year. Keith Jones and Katherine DiMatteo met
about three weeks prior to the Board meeting, and he urged OTA to ask the industry to send him a list
of material petitions he should be expecting. He has received an indication that about 40 petitions
would be sent to NOP. Ms. Brickey asked about a date for OMRI to receive petitions for review in
June. Emily Brown Rosen responded with a deadline of February 1, 2001.

Ms. Burton asked about the flow of petitions and requests for comments. Keith wants comments sent
to NOP. Dates for petition process and public comment are noted on the chart handed out to the
Board.

Livestock Committee Work Plan — Mr. Eric Siedman, Chair

Issues identified by Livestock Committee to be addressed in the coming year included:

http://www.ams.usda.gov/nop/nop2000/boardmeetings/N OSB_Final_Min11-00.html 4/25/2002
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APPENDIX F

September 1, 1986

TABLE: PRODUCTION OF HARD AND SEMIHARD CHEESES IN CERTAIN COUNTRIES
AND ESTIMATES FOR CONSUMER CUTS AND GRATED CHEESE CONSUMED

BASED ON FINNISH PERCENTAGES

(Source for production figures: International Dairy
Federation, Interim Cheese Market Report, Bulletin No. 175,

1984)
Produced hard & semihard Cheese
'000 tons
i Scan 293
Irl 54
UK 224
NL 471
B-LUX 30
FRG 336
F 437
I 500 *
CAN 125 *+*
UsaA 1883

TOTAL 4353

* Based on approx. out of total cheese production 625000

tons/year
** Based on approx.
tons/year
Cost of use

Potassium nitrate (KNO3l

Price in Finland, July 1986
Dosage in Finland

Dosage

Roughly
Lysozyme,. price
Cost per kg cheese
Dosage

Roughly

out of total cheese production 200000

Nitrates to prevent late blowing

5,70 FIM/kg, VAT excluded

10-15 %/100 1 Edam cheese milk
15 g/100 1 = 1,62 kg nitrate/
1000 kg Edam cheese ‘

(10,8 1 milk/1 kg cheese)

1,62 x 5,70 = 9,23 FIM/1000 kg
Edam cheese, VAT excluded
0,081 FIM/kg cheese

750 FIM/kg

750,00 x 0,216 kg/1000 kg cheese
= 162,00 FIM/1000 kg cheese

20 ppm in milk = 216 ppm in
cheese

0,16 FIM/1000 kg cheese

After Hephner & Assoc. assumed reduction in price (100 %)

= cost of use Q2,008_FIM/1000_kg

cheese
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e Young animal care

Nutrient management

Living conditions and stocking rates

GMO incidentals including compost ingredients, manure from GMO livestock

Feed additives regarding 100% organic feed, needs to be clarified to determine 5% rule
Pasture-based living conditions for ruminant animals is still the firm position of the committee
but due to the controversial nature of the issue, what pasture-based means needs to be defined.

Emily Brown-Rosen noted the need to address the issue of allowing vitamins as feed additives for
livestock, depending on FDA approval by regulation or allowance with discretion for materials listed

by AAFCO.

Keith Jones noted that when the final rule comes out, this question may not be an issue, based on any
new issues that will be need to be addressed. Many questions and issues may be answered in the

Final Rule.

Carolyn Brickey wants to have the work plan for the year posted to the web for industry comment
and to provide material for the Board retreat.

Processing Committee Work Plan — Mr. Steve Harper, Incoming Chair

The processing committee is waiting for the final rule to determine which parts of the rule will be
compatible with processing practices. The committee is also going to be focusing on retailer
education and on transitional standards. Steve Harper is waiting for the final rule to formalize the

committee work plan.

Accreditation Committee Work Plan — Mr. Willie Lockeretz, Incoming Chair
Willie Lockeretz outlined the following issues for attention by the committee this year:

 Continued development on the Enforcement Task Force matrices.

¢ MOUs with States need to be developed for enforcement

o Peer Review participation with the Department.

¢ Development of an equitable fee structure especially for small operations.

e Certifier concerns about their role in the politics in accreditation and certification -- more about

how they feel rather than about how it will be done.
Tom Hutcheson announced that OCC is hosting an Accreditation Training program for certifiers in
February 2, 3, Friday and Saturday. Mark Bradley from the FSIS collaborated with OTA and IOIA in
developing the program.

During the final public comment Bob Shine spoke as a small certifier about the issue of the shakeout
of small certifiers when the program is implemented and the reaction to the unknown.

Crops Committee Work Plan — Mr. Owusu Bandele, Incoming Chair

http://www.ams.usda.gov/nop/nop2000/boardmeetings/NOSB_Final_Min11-00.html 4/25/2002
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TABLE: THE STABILITY OF LYSOZYME AGAINST MECHANICAL STRESS
(Wasserfall, 1977. Milchwissenschaft 32 (11)).

Prozentuale Aktivitat

Einwirkungsdauer B bei Behandlung mit
{(Minuten) Ultra-Turrax Ultraschalil
0 100 100
1 98,2 58.2
2 99.0 43.6
4 97.8 42,3
8 97.4 38,4

Treatment in 0 °C (Icewater)

Initial lysozyme conc.: approx. S00 E/ml in lysozyme buffer,
pH 6,2
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Steve Pavich stated the Crops Committee should discuss:

e Compost

e Manure

¢ GMO

Transitional Certification

WRAP-UP/NEXT MEETING PLANS — Ms. Carolyn Brickey, Chairperson
Ms. Brickey wants this work plan consolidated in a couple of weeks and up on the web.

Travel days for the next NOSB Meeting will be Sunday, March 4, 2001, with a NOSB Retreat on
Monday, March 5%, and the NOSB Meeting on Tuesday and Wednesday March 6 and 7. The first
day of Expo West is Thursday, March gth

Ms. Brickey would like to brief Board members on Conflict of Interest at the retreat.

The June NOSB meeting dates are June 5 — 7, 2001. Suggested locations for the next meeting
included La Cross or Madison, W1 or the Minnesota area.

The meeting was adjourned at 2:40 p.m.

CAROLYN BRICKEY, Chair KEITH JONES, Program Manager

National Organic Standards Board National Organic Program
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TABLE: THE DECREASE IN ACTIVITY OF LYSOZYME IN DIFFERENT

PH—LEYELS OF CULTURED MILK
(Wasserfall, 1977. Milchwissenschaft 32 (11))

X ' Einwirkungszeit

pH 1 Sid. 2 Sid. 6 Std. 24 Sud.

4,89 .0 0 0 0

5.7 0 0 0 0

6.5 0 0 0 0

7.7 0 0 0 27,0

8,4 0 0 5,6 31,8 ‘
38,3 0 7.0 13,3 46,8

10,4 15,9 19,1 22,9 45.2

1) Lysozyme from Roth Co. (Initial conc. 32,1 E/m1)

2) pH-value after filling with distilled water and
enzyme addition

3) Decrease of activity (%) lounted from the initial activity
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subject to the requirements of this AD. For
helicopters that have been madified, altered,
or repaired so that the performance of the
requirements of this AD is affected, the
owner/operator must use the authority
provided in paragraph (c) to request approval
from the FAA. This approval may address
either no action, if the current configuration
eliminates the unsafe condition, or different
actions necessary to address the unsafe
condition described in this AD. Such a
request should include an assessment of the
effect of the changed configuration on the
unsafe condition addressed by this AD. In no
case does the presence of any modification,
alteration, or repair remove any helicopter
from the applicability of this AD.

Compliance: Required as indicated, unless
accomplished previously.

To detect cracks that could lead to
delamination of the tail rotor blade Kevlar
tie-bar (Kevlar tie-bar), loss of tail rotor
control, and subsequent loss of control of the
helicopter, accomplish the following:

(a) Within 10 hours time-in-service (TIS)
after the effective date of this AD, and
thereafter at intervals not to exceed 250 hours
TIS, inspect each Kevlar tie-bar for a crack or
delamination in accordance with paragraph
B, Operational Procedure, of Eurocopter
France Service Bulletin 05.00.34, Revision 3,
dated November 14, 1996.

(b) If any delamination or cracking is found
during any of the inspections required by
paragraph (a) of this AD, remove the blade
and replace it with an airworthy blade before
further flight.

(c) An alternative method of compliance or
adjustment of the compliance time that
provides an acceptable level of safety may be
used if approved by the Manager, Rotorcraft
Standards Staff, Rotorcraft Directorate, FAA.
Operators shall submit their requests through
an FAA Principal Maintenance Inspector,
who may concur or comment and then send
it to the Manager, Rotorcraft Standards Staff.

Note 2: Information concerning the
existence of approved alternative methods of
compliance with this AD, if any, may be
obtained from the Rotorcraft Standards Staff.

(d) Special flight permits may be issued in
accordance with sections 21.197 and 21.199
of the Federal Aviation Regulations (14 CFR
21.197 and 21.199) to operate the helicopter
to a location where the requirements of this
AD can be accomplished.

Note 3: The subject of this AD is addressed
in Direction Generale De L’Aviation Civile
(France) AD 92-185-33(B)R4 dated
December 4, 1996.

Issued in Fort Worth, Texas, on February
28, 1998.

Eric Bries,

Acting Manager. Rotorcraft Directorate,
Aircraft Certification Service.

[FR Doc. 98-6496 Filed 3-12-98: 8:45 am]
BILLING CODE 4910-13-M

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Food and Drug Administration

21 CFR Part 184
[Docket No. 89G-0393]
Direct Food Substances Affirmed as

Generally Recognized as Safe; Egg
White Lysozyme

AGENCY: Food and Drug Administration,
HHS.

ACTION: Tentative final rule.

SUMMARY: The Food and Drug
Administration (FDA) is issuing a
tentative final rule to amend its
regulations to affirm that egg white
lysozyme enzyme preparation, when
labeled by the common or usual name
“egg white lysozyme” to identify its
source, is generally recognized as safe
(GRAS) for use in preventing late
blowing of cheese caused by the
bacterium Clostridium tyrobutyricum
during cheese production. This action is
in response to a petition submitted by
Fordras S.A. (formerly SPA-Societa
Prodotti Antibiotici S.p.A.). FDA has
tentatively concluded that this use of
the egg white lysozyme enzyme
preparation is GRAS only when the
ingredient statement for both bulk and
packaged food that contains cheese
manufactured using egg white lysozyme
includes the common or usual name
“egg white lysozyme" to identify the
source of the protein. To give interested
persons an opportunity to comment on
this condition of use required for GRAS
status, FDA is issuing this tentative final
rule.

DATES: Submit written comments by
May 27. 1998.

ADDRESSES: Submit written comments
to the Dockets Management Branch
(HFA-305), Food and Drug
Administration, 12420 Parklawn Dr.,
rm. 1-23, Rockville, MD 20857.

FOR FURTHER INFORMATION CONTACT:
Linda S. Kahl, Center for Food Safety
and Applied Nutrition (HFS-206), Food
and Drug Administration, 200 C St. SW.,
Washington, DC 20204, 202-418-3101.

SUPPLEMENTARY INFORMATION:
I. Background

In accordance with the procedures
described in § 170.35 (21 CFR 170.35),
SPA-Societa Prodotti Antibiotici S.p.A.,
now Fordras S.A., Milan, ltaly,
submitted a petition (GRASP 9G0355)
requesting that egg white lysozyme used
to inhibit the bacterium C.
tyrobutyricum to prevent late blowing of
cheese during production be affirmed as

GRAS as a direct human food
ingredient. FDA published the notice of
filing for this petition in the Federal
Register of October 27, 1989 (54 FR
43861). and gave interested persons
until December 26, 1989, to submit
written comments.

II. Standards for GRAS Affirmation

Under §170.30 (21 CFR 170.30),
general recognition of safety may be
based only on the views of experts
qualified by scientific training and
experience to evaluate the safety of
substances directly or indirectly added
to food. The basis of such views may be
either: (1) Scientific procedures, or (2)
in the case of a substance used in food
prior to January 1, 1958, through
experience based on common use in
food. General recognition of safety based
upon scientific procedures requires the
same quantity and quality of scientific
evidence as is required to obtain
approval of a food additive regulation
and ordinarily is based upon published
studies, which may be corroborated by
unpublished studies and other data and
information (§ 170.30(b)). General
recognition of safety through experience
based on common use in food prior to
January 1, 1958, may be determined
without the quantity or quality of
scientific procedures required for
approval of a food additive regulation,
but ordinarily is based upon generally
available data and information
concerning the pre-1958 history of use
of the substance.

FDA has evaluated Fordras S.A.’s
petition on the basis of scientific
procedures to whether the petitioned
use of egg white lysozyme enzyme
preparation to prevent the late blowing
of cheese caused by the bacterium C.
tyrobutyricum during cheese production
is GRAS. In evaluating the petition, FDA
considered published and unpublished
data and information relating to the
identity of, characteristic properties of,
and estimated dietary exposure to the
enzyme component (i.e., lysozyme) of
the petitioned enzyme preparation
(Refs. 1 through 7). FDA also considered
that the source of the petitioned enzyme
preparation, egg white, has been safely
consumed by humans as a source of
food protein throughout recorded
history, and, therefore, is GRAS
(§170.30(d)), and that the methods used
for extracting lysozyme from the egg
white source do not ordinarily alter the
chemical identity and characteristic
properties of enzymes (Ref. 8). FDA also
considered published scientific review
articles (Refs. 1 and 2) and a generally
available trade association bulletin (Ref.
7) discussing the use of egg white
lysozyme enzyme preparation for its
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TABLE: HARD AND SEMIHARD CHEESE VARIETIES, WHERE LYSOZYME COULD BE
USED TO PREVENT LATE BLOWING (Note: restrictions by

legislation in each country in question!)

Cheese variéty Valio brand name

HARD--CHEESE (moisture 34 %)

Appenzeller
Asiago (old)
Parmesan (Grana)
Romano

Sapsago

Spalen
Caciocavallo
Emmental/Swiss Emmental
Cryere Cryere
Ricotta (o0ld)

Parmesan

SEMIHARD (moisture 34-55 %)

Edam/Salaneuvos Gouda
Mozzarella
Luostari

Edam/Gouda
Mozzarella
Port Salut *
Provolone
Tilsit Kesti/Kreivi
Trappist *

Svecia

Herrgdrds ost

Danbo Edam

Country of origin

NL

I

F

I

FRG
CH/HUN
S

S

DK
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technical effect of preventing late
blowing of cheese contaminated with C.
tyrobutyricumn as well as generally
available information documenting that
this intended use of the petitioned
enzyme preparation has been approved
in several European countries (Refs. 9
through 13). Finally, FDA considered
generally available and accepted
information relating to processing aids
used in the manufacture of the enzyme
preparation and generally available and
accepted specifications for food-grade
enzyme preparations (Ref. 14).

I0. Safety Evaluation

When present as a contaminant in
milk used for cheesemaking, the
pasteurization-resistant bacterium C.
tyrobutyricurmn ferments lactate to
produce carbon dioxide, hydrogen, and
volatile organic acids. This fermentation
causes a defect in cheese manufacture
known as “late blowing,”” which is
typified by abnormal levels of open -
texture accompanied by undesirable -
odors and flavors. Late blowing can be
a serious economic problem in the
manufacture of several varieties of
cheese (Refs. 1, 2, and 7).

The contamination by C.
tyrobutyricum of milk used for
cheesemaking, although reducible by
good husbandry and hygienic milking
practices, is unavoidable. Although
treatment with certain chemical agents
has been shown to be effective against
the problems raised by this
contamination, treatment with lysozyme
enzyme preparation has been found to
be the most effective method of
managing the late blowing of cheese
contaminated with C. tyrobutyricum
(Refs. 1 and 2).

A. The Enzyme Component

Enzymes are proteins or conjugated
proteins (i.e., a protein that contains a
nonamino acid moiety such as a
carbohydrate) produced by plants,
animals, and microorganisms that
function as biochemical catalysts
(American Heritage Dictionary of the
English Language). Most enzymes are
very specific in their ability to catalyze
only certain chemical reactions; this
high degree of specificity and strong
catalytic activity are the most important
functional properties of enzymes (Ref.
15).

The Commission on Enzymes of the
International Union of Biochemistry has
devised a systematic strategy for naming
enzymes. This system combines a
naming system and a numbering system.
For most enzymes, the systematic name
is derived from the names of the
substrate, product, and type of reaction.
The systematic number is based on the

class and subclasses to which the
enzyme belongs. The systematic name
of lysozyme is peptidoglycan N-
acetylmuramoylhydrolase. Its
systematic number is EC No. 3.2.1.17
and its Chemical Abstracts Service
Registry Number (CAS Reg. No.) is
9001-63-2.

Lysozyme was first discovered by A.
Fleming, who identified lysozyme as an
antibacterial enzyme present in nasal
mucus membrane (Ref. 3).
Subsequently, it was learned that the
antibacterial activity of lysozyme occurs
because of its ability to catalyze the
hydrolysis of the structural
polysaccharide peptidoglycan present in
cell walls of certain bacteria (Ref. 2).
Lysozyme activity has been shown to be
present in bacteria, fungi, plants, and
almost all animal tissues, with the
highest levels found in secretions
(including milk, mucus, saliva, and
tears) and eggs. Lysozyme is believed to
function in all of these organisms and
tissues as an endogenous antimicrobial
substance (Refs. 1 and 2).

Lysozyme was the first enzyme to
have the details of its three-dimensional
structure published (Ref. 4), and it has
become one of the best characterized of
all enzymes, serving as an example for
studies of enzyme mechanism and
molecular evolution (Refs. 5 and 6 ).
Lysozymes from various organisms are
very similar to one another. Egg white
lysozyme differs very little in structure,
amino acid sequence and composition,
catalytic mechanism, and substrate
specificity from the enzyme found in
human milk, saliva, mucus, and tears
(Refs. 3 and 6).

The petitioner provided two
published scientific review articles
(Refs. 1 and 2) that discuss the use of
egg white lysozyme in cheese and other
food. The petitioner also provided a
generally available trade association
bulletin (Ref. 7) that focuses on the use
of egg white lysozyme for its technical
effect of preventing late blowing in
cheese. This bulletin describes the late
blowing defect and how it arises,
traditional chemical control measures
(other than the use of lysozyme) to
reduce the problem, and the increasing
interest in using lysozyme as a
replacement for traditional chemical
control measures. In addition, the
petitioner provided generally available
information documenting that this
intended use of the petitioned enzyme
preparation has been approved in
several countries, including Denmark,
France, Germany, Italy, and Spain (Refs.
9 through 13).

FDA considered the estimated dietary
exposure to lysozyme for the proposed
use in cheese (Refs. 16 and 17).

Lysozyme accounts for approximately
3.5 percent of the total protein of
domestic hen egg whites (Ref. 7). Whole
eggs contain lysozyme at a level of
approximately 3.300 parts per million
(ppm). The petitioner reported that
cheese manufactured using egg white
lysozyme enzyme preparation contains
a maximum of 400 ppm of lysozyme, or
at least 8 times less than eggs on a
weight basis. FDA has estimated a long-
term mean intake of lysozyme to be 74
milligrams per person per day (mg/p/d)
for consumers of eggs and 3.8 mg/p/d
for consumers of cheese; the respective
90th percentile intakes are estimated to
be 163 mg/p/day and 8.1 mg/p/day. Egg
whites from which lysozyme is
extracted will be subsequently
consumed in other food uses. Thus,
there will be no long-term net increase
in lysozyme intake by the general
population because egg whites without
lysozyme will replace egg whites in
current use that contain lysozyme (Ref.
16). On a per eating occasion basis,
lysozyme intake for cheese consumers
may be 16 mg on average, or 22 mg at
the 90th percentile level. For
comparison, a per eating occasion
lysozyme intake for egg consumers may
be 264 mg on average, or 416 mg at the
90th percentile level. Thus, lysozyme
intake per eating occasion due to cheese
consumption may constitute 5 to 6
percent of lysozyme intake due to egg
consumption (Ref. 17).

In general, issues relevant to a safety
evaluation of proteins such as the
enzyme component of an enzyme
preparation are potential toxicity and
allergenicity (Ref. 18). Proteins derived
from egg whites do not raise toxicity
concerns because egg whites have been
safely consumed by humans as a source
of food throughout recorded history
without any reports of toxicity.
However, proteins derived from egg
whites do raise allergenicity concerns
because, as with many commeon foods,
there have been reports that
consumption of egg whites can cause an
allergic reaction in certain individuals,
particularly children (Ref. 19).
Therefore, FDA considered the question
of whether the lysozyme component of
egg whites is allergenic.

[n evaluating this question, FDA
considered a report of an in vitro study
of the binding of antibodies to specific
egg proteins, where the antibodies were
derived from the serum of patients
known to be allergic to eggs (Ref. 20).
This report suggests that lysozyme was
an allergen for some individuals who
became sensitive to egg whites.
Although this study does not establish
that ingestion of egg white lysozyme in
cheese will actually cause a clinically
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TABLE: LYSOZYME EXPERIMENTALS/CHEESE VARIETIES IN CERTAIN EUROPEAN

COUNTRIES

Country Cheese used in trials Lysozyme dosage
‘ U/ml cheese milk
Finland Edam, Emmental 200-500
Sweden Edam.. ?
Norway Jarlsberg (= Emmental)
Denmark Danbo (= Edam) 500
France Emmental
West-Germany Edam, Tilsit, Gouda 500
Italy * Granapadano, Provolone,
Asiago, Montasio

Hungary Emmental, Trappist

At the moment lysozyme is permitted legislétively for cheese in
West-Germany (hard and semihard), Belgium, Netherlands, France,
Italy and Denmark.

* Granapadano = Grana = Parmesan
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significant allergic reaction in such
sensitive individuals, FDA is not aware
of any data or information that would
refute the study's inference that egg
white lysozyme may be allergenic.
Accordingly, FDA is proposing labeling,
as discussed below, to alert the sensitive
population to the presence of egg white
lysozyme in cheese.

A related question is whether egg
white lysozyme, when present in
cheese, is capable of inducing an
allergenic response in susceptible
individuals who have not previously
consumed egg whites, e.g., because their
customary diet excludes eggs. This
question is no different than for any
other food containing egg white when
consumed by individuals with
unknown susceptibility to eggs. The
proposed label declaration would
provide such individuals with the same
protection as that provided by other egg-
containing products with ingredient
labeling. Thus, individuals who
experience an allergic reaction to
lysozyme-containing cheese could
identify egg white lysozyme as a
possible cause of the reaction.

B. Enzyme Source, Manufacturing
Methods, and Processing Aids

Commercial preparations of lysozyme
are derived from domestic hen egg
whites using ion exchange methods and
selective precipitation to isolate a highly
purified protein fraction that contains
mainly lysozyme but also may contain
small amounts of other egg white
proteins. Consistent with the agency's
finding in its GRAS affirmation of
microparticulated protein product (55
FR 6384, February 23, 1990), FDA finds
that egg whites have been safely
consumed by humans throughout
recorded history and, therefore, are
GRAS (§170.30(d)). The agency
evaluated the methods used to isolate
the enzyme lysozyme from egg whites.
These methods are based on generally
available and accepted principles of
protein purification (Ref. 8). Such
methods, if appropriately selected, do
not ordinarily alter the chemical
identity and characteristic properties of
enzymes. Therefore, these methods do
not materially change the quality,
utility, functionality, or safety of
enzymes. Moreover, the retention of the
antibacterial activity that is
characteristic of egg white lysozyme
when egg white-derived lysozyme
enzyme preparation is used in cheese
evidences that lysozyme in the
manufactured enzyme preparation
remains unaltered from the lysozyme in
egg whites. This is corroborative
evidence of the fact that the methods
used to isolate lysozyme from egg

whites do not materially change the
quality, utility, functionality or safety of
the enzyme lysozyme.

Enzyme preparations used in food
processing are usually not chemically
pure but contain, in addition to the
enzyme component, materials that
derive from the enzyme source. As
mentioned above, egg white lysozyme
enzyme preparation may contain small
amounts of other egg white proteins. A
related question is whether such
proteins that may be present in the
enzyme preparation are allergenic. Even
if present, other source-derived proteins
would not be a concern because the
proposed label declaration for egg white
lysozyme would alert individuals who
are sensitive to egg whites to the
possible presence of other proteins
derived from egg whites.

In addition to source-derived
materials, enzyme preparations used in
food processing usually contain
materials that derive from the
manufacturing methods used to generate
the finished enzyme preparation. The
egg white lysozyme enzyme preparation
that is the subject of this document
complies with the general requirements
and additional requirements for enzyme
preparations in the Food Chemicals
Codex, 4th ed. (Ref. 14). The egg white
lysozyme enzyme preparation that is the
subject of this document may contain
substances that are added to the enzyme
preparation, such as preservatives,
stabilizers or diluents, and trace
amounts of processing aids that are used
in its preparation. These substances
must be acceptable for general use in
foods (Refs. 14 and 15).

C. Labeling as a Condition of Use

Egg whites are known to be an
allergenic food source, particularly in
children (Ref. 19). There is a literature
report (Ref. 20) indicating that lysozyme
may in fact have been an allergen for
some individuals who became sensitive
to egg whites. Although the reported in
vitro study does not establish that
ingestion of egg white lysozyme in
cheese will actually cause a clinically
significant allergic reaction in such
sensitive individuals, FDA is not aware
of any data or information that would
refute the study’s inference that egg
white lysozyme may be allergenic.
Therefore, FDA concludes that there is
insufficient information in the current
record to determine whether the
ingestion of egg white lysozyme elicits
an allergenic response when consumed
by individuals who are sensitive to egg
whites. Accordingly, as discussed
below, FDA is proposing labeling to
alert such individuals to the presence of
egg white lysozyme in cheese. Such

labeling also would alert the sensitive
population to the possible presence of
source-derived proteins other than
lysozyme in the enzyme preparation.
Under section 409(c)(1) of the Federal
Food, Drug, and Cosmetic Act (the act)
(21 U.S.C. 348(c)(1)). FDA is authorized,
in approving the use of a food additive,
to list the conditions under which the
additive may be safely used. These
conditions may include any labeling
requirements that the agency deems
necessary to ensure the safe use of the
additive. Similarly, under § 184.1(b)(3)
(21 CFR 184.1(b)(3)). in affirming a
substance as GRAS, FDA is authorized
to set forth the particular conditions of
use, including labeling, under which
there is general recognition among
qualified experts that the use of the
substance is safe. After careful review of
the evidence on the use of egg white
lysozyme enzyme preparation in
preventing late blowing in cheese, FDA
has tentatively concluded that such use
is GRAS only when the conditions of its
use include a declaration on the label or
labeling of the presence of egg white
lysozyme in both bulk and packaged
food containing such treated cheese.
Therefore, this tentative final rule
(§184.1550(c)(1)) establishes that the =«
declaration of egg white lysozyme
enzyme preparation by the common or
usual name “egg white lysozyme™ is a
condition of use required for GRAS
status, so that consumers who are
allergic to egg white products can be
alerted to the presence of the egg white-
derived enzyme in treated cheese.

D. Summary and Conclusions

The petitioner provided published
data and information relating to the
identity of, characteristic properties of,
and estimated dietary exposure to the
enzyme component (Refs. 1 through 7).
The source of the petitioned enzyme
preparation, egg white, has been safely
consumed by humans as a source of
food protein throughout recorded
history, and, therefore, is GRAS
(§170.30(d)). The petitioner provided
generally available information showing
that the methods used for extracting
lysozyme from the egg white source do
not ordinarily alter the chemical
identity and characteristic properties of
enzymes (Ref. 8). Moreover, there is
corroborating evidence that the
extraction of egg white lysozyme does
not change its chemical identity or
characteristics because the antibacterial
activity of egg white lysozyme is
retained. FDA concludes that the
methods used to manufacture egg white
lysozyme enzyme preparation do not
change the safety for food use of the
enzyme lysozyme and that toxicological
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studies are not necessary to establish the
safety of lysozyme or other source-
derived proteins that may remain in the
manufactured enzyme preparation. FDA
also concludes that there will be no net
increase in dietary exposure of the
general population to the commonly
consumed enzyme lysozyme due to the
proposed use in cheese because
lysozyme will simply be transferred
from eggs to cheese (Ref. 16).

The petitioner also provided generally
available and accepted information
relating to processing aids used in the
manufacture of the enzyme preparation
and generally available and accepted
specifications for food grade enzyme
preparations (Ref. 14). FDA concludes
that substances added to the egg white
lysozyme enzyme preparation or
potential residues of processing aids
used in the manufacturing process do
not present a basis for concern about the
safety of the egg white lysozyme enzyme
preparation.

The petitioner provided published
scientific review articles (Refs. 1 and 2)
and a generally available trade bulletin
(Ref. 7) that discuss the use of the egg
white lysozyme enzyme preparation in
cheese and other food, including its use
for the intended effect of preventing late
blowing of cheese contaminated with C.
tyrobutyricum. The petitioner also
provided generally available
information documenting that this
intended use of lysozyme has been
approved in several European countries
(Refs. 9 through 13). FDA concludes that
generally available and accepted data
and information establish that lysozyme
will achieve the intended technical
effect of preventing late blowing in
cheese contaminated with C.
tyrobutyricum.

Finally, information in the petition
and otherwise available to FDA raises
the question of whether the lysozyme
component of egg whites is allergenic.
FDA is proposing labeling to alert
individuals who may be sensitive to egg
whites to the presence of egg white
lysozyme in cheese, including the
possible presence of other source-
derived proteins that may be present in
the enzyme preparation.

IV. Comments

FDA received two comments in
response to the filing notice. One
comment expressed agreement that
lysozyme is GRAS for use in preventing
late blowing in cheese and supported
the affirmation of GRAS status by the
agency.

One comment stated that use of
lysozyme as a food preservative may
lead to selection of lysozyme-resistant
strains of the bacterial food poisoning

agents Listeria monocytogenes and C.
botulinum, rendering one of the body’s
main defense mechanisms useless
against resistant strains. The comment
likened the potential selection of
lysozyme-resistant strains of bacteria to
the selection of penicillin-resistant
bacteria as a result of its widespread
use. The comment pointed out that the
body could not readily substitute the
lysozyme naturally present in secretions
such as tears and saliva for another
antimicrobial.

The mechanism of action of lysozyme
involves hydrolysis of the structural
peptidoglycan present in cell walls of
susceptible bacteria. Therefore,
development of resistance to lysozyme
would require that a bacterium develop
a variant of peptidoglycan that is
resistant to the action of lysozyme.
Development of such a variant
peptidoglycan is, in principle, possible.
However, as already discussed,
lysozyme activity has been shown to be
present in bacteria, fungi, plants, and
almost all animal tissues. If such
relative ubiquity has not resulted in the
clinically significant selection of
lysozyme-resistant bacteria to date, the
use of lysozyme in those cheeses that
are susceptible to late blowing is
unlikely to favor selection of lysozyme-
resistant bacteria and adversely affect
the public health. Moreover, FDA is not
considering lysozyme for use as a
widespread food preservative. Rather,
FDA is considering the narrow question
of whether the use of lysozyme in
preventing late blowing in cheese is
generally recognized as safe. FDA
disagrees that this limited use in cheese
is analogous to the widespread use of
antibiotics such as penicillin and the
subsequent selection of antibiotic-
resistant bacterial strains. Therefore,
FDA concludes that the use of lysozyme
in preventing late blowing in cheese
does not raise concerns about the
selection of lysozyme-resistant strains of
L. monocytogenes or C. botulinum.

V. Specifications

The agency finds that, because the
potential impurities in the egg white
lysozyme preparation that may originate
from the source or manufacturing
process do not raise any basis for
concern about the safe use of the
preparation. the general requirements
and additional requirements for enzyme
preparations in the monograph on
Enzyme Preparations in the Food
Chemicals Codex, 4th ed. (1996). which
are being incorporated by reference in
accordance with 5 U.S.C. 552(a) and 1
CFR part 51, are adequate as minimum
criteria for food-grade egg white
lysozyme enzyme preparation.

Lysozyme assay can be performed using
a method entitied **Lysozyme
hydrochloride, Microbiological
Determination,” which is included in
the petition (Ref. 21) or by using any
appropriate validated method.

VI. Conclusions

The agency has evaluated all available
information and finds, based upon the
published information about the
manufacturing methods used in the
preparation of egg white lysozyme
enzyme preparation, and published data
and information about the identity and
characteristic properties of egg white
lysozyme, that the éenzyme component
of egg white lysozyme enzyme
preparation is unaltered from the
lysozyme found in the commonly
consumed food, eggs. The agency also
finds, based upon generally available
and accepted information, that when the
preparation is manufactured in
accordance with § 184.1550(c), the
source, egg whites, and the
manufacturing process will not
introduce impurities into the
preparation that may render its use
unsafe. Further, the agency finds, based
upon published information, that egg
white lysozyme enzyme preparation
will achieve its intended technical effect
of preventing late blowing in cheese
contaminated with C. tyrobutyricum.
Therefore, the agency tentatively
concludes, based upon the evaluation of
published data and information,
corroborated by unpublished data and
information, that the egg white
lysozyme enzyme preparation described
in the regulation set out below is GRAS
for use by the general population in
preventing late blowing in cheese.

To give interested persons an
opportunity to comment on the
proposed label declaration that is a
condition of use required for GRAS
status, FDA is issuing this tentative final
rule under 21 CFR 10.40(f)(6). FDA will
review any comments that are relevant
to this condition of use and that are
received within the 75 day comment
period and will respond accordingly to
these comments in the Federal Register.

VII. Environmental Considerations

The agency has carefully considered
the potential environmental effects of
this action. FDA has concluded that the
action will not have a significant impact
on the human environment, and that an
environmental impact statement is not
required. The agency’s finding of no
significant impact and the evidence
supporting that finding, contained in an
environmental assessment, may be seen
in the Dockets Management Branch
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(address above) between 9 a.m. and 4
p-m., Monday through Friday.

VIIL Analysis of Economic Impacts

A. Benefit-Cost Analysis

FDA has examined the impacts of this
tentative final rule under Executive
Order 12866. Executive Order 12866
directs Federal agencies to assess the
costs and benefits of available regulatory
alternatives, and, when regulation is
necessary, to select regulatory
approaches that maximize net benefits
(including potential economic,
environmental, public health and safety
effects; distributive impacts; and
equity). According to Executive Order
12866, a regulatory action is
“significant” if it meets any one of a
number of specified conditions,
including having an annual effect on the
economy of $100 million, adversely
affecting in a material way a sector of
the economy, competition, or jobs, or if
it raises novel legal or policy issues.
FDA finds that this tentative final rule
is not a significant regulatory action, as
defined by Executive Order 12866. In
addition, it has been determined that
this final rule is not a major rule for the
purpose of congressional review.

The primary benefit of this action is
to remove uncertainty about the
regulatory status of the petitioned
substance. FDA is tentatively affirming
the GRAS status of egg white lysozyme
in cheese only when the ingredient
statement of the bulk and packaged food
that contains the cheese includes the
common or usual name of the
substance, i.e., “'egg white lysozyme."”
The labeling requirement will add a
small cost to the future use of the
petitioned substance, and therefore, is
not a significant action under the
Executive Order 12866.

FDA has examined the impacts of this
tentative final rule under the Unfunded
Mandates Reform Act of 1995 (UMRA)
(Pub. L. 104-4). A written statement
under section 202(a) of the UMRA is not
required for this rule because the rule
does not impose a mandate that results
in an expenditure of $100 million or
more by State, local, and tribal
governments in the aggregate, or by the
private sector, in any 1 year.

B. Regulatory Flexibility Act

FDA has evaluated this tentative final
rule under the Regulatory Flexibility
Act. The Regulatory Flexibility Act (5
U.S.C. 601-612) requires Federal
agencies to consider alternatives that
would minimize the economic impact of
their regulations on small entities.

FDA believes that this tentative final
rule is not likely to have a significant

economic impact on a substantial
number of small entities. However, the
agency seeks comment on this tentative
conclusion. First, FDA is tentatively
affirming the GRAS status of egg white
lysozyme in cheese only when the
ingredient statement of the bulk and
packaged food that contains the cheese
includes the common or usual name of
the substance, i.e., "egg white
lysozyme.” This labeling requirement
will impose only minimal costs to the
future use of the petitioned substance.
Second, FDA has information that the
petitioner does not currently sell egg
white lysozyme in the United States
(Refs. 22 and 23). Moreover, FDA is not
aware of any manufacture or use of
cheese containing egg white lysozyme
in the United States. If no small entities
are currently manufacturing or using
cheese containing egg white lysozyme,
the proposed labeling requirements
would not impose any cost to small
entities. However, because FDA does
not have any information on whether
other entities in the United States are
manufacturing or using cheese
containing egg white lysozyme, FDA is
unable to conclude, in this tentative
final rule, that there will be no
significant economic impact on a
substantial number of small entities.
Therefore, the agency seeks comment on
the manufacture or use, by any small
entity, of cheese containing egg white
lysozyme. In its final rule, the agency
will, based on any relevant comments
received, determine whether there is a
significant economic impact on a
substantial number of small entities.
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List of Subjects in 21 CFR Part 184

Food ingredients, Incorporation by
reference.

Therefore, under the Federal Food,
Drug, and Cosmetic Act and under
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legislative restriction to use nitrates are obviocus
preconditions to the growth of lysozyme market in
dairy application.

Experiments to find out the dosages of lysozyme
needed in different seasons should be carried out
in the first place. Valio has stated (Mr. M. Kirki)
that they test lysozyme both during the grazing
and silage feeding seasons (June-September &
November-February), when the count of spores in
milk is quite different from each other. The only
suggestion for seasonal dosage levels introduced
is that of by N. Koch (Boehringer) in the seminar,
Lysozyme in cheese manufacture, in Kiel January
1986 (appendix G).

Another application within cheese industry, hinted
by C-J Sandstrdm, to inhibit Listeriosis by
Listeria monocytogenes would require testing
lysozyme's lytic action both on Listeria
monocytogenes and on the cheese cultures in
question (Brie, Camembert cheese - Penicillium
camemberti). !
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authority delegated to the Commissioner
of Food and Drugs and redelegated to
the Director, Center for Food Safety and
Applied Nutrition, it is proposed that 21
CFR part 184 be amended as follows:

PART 184—DIRECT FOOD
SUBSTANCES AFFIRMED AS
GENERALLY RECOGNIZED AS SAFE

1. The authority citation for 21 CFR
part 184 continues to read as follows:

Authority: 21 U.S.C. 321, 342, 348, 371.

2. Section 184.1550 is added to
subpart B to read as follows:

§184.1550 Egg white lysozyme.

(a) Egg white lysozyme (CAS Reg. No.
9001-63-2) is the enzyme
peptidoglycan N-
acetylmuramoylhydrolase (EC No.
3.2.1.17) obtained by extraction from
egg whites. The enzyme catalyzes the
hydrolysis of peptidoglycan in the cell
walls of certain bacteria including
Clostridium tyrobutyricum.

(b) The ingredient meets the general
requirements and additional
requirements for enzyme preparations
in the monograph on Enzyme
Preparations in the Food Chemicals
Codex, 4th ed. (1996), which is
incorporated by reference in accordance
with 5 U.S.C. 552(a) and 1 CFR part 51.
Copies are available from the National
Academy Press, 2101 Constitution Ave.
NW., Washington, DC 20418, and may
be examined at the Center for Food
Safety and Applied Nutrition's Library,
200 C St. SW., rm. 3321, Washington
DC, or at the Office of the Federal
Register, 800 North Capitol St. NW.,
suite 700, Washington, DC.

(c) (1) The ingredient is used in
cheeses, as defined in § 170.3(n)(5) of
this chapter, in accordance with
§184.1(b)(3) at levels not to exceed
current good manufacturing practice.

(2) The affirmation of the use of this
ingredient as generally recognized as
safe (GRAS) as a direct human food
ingredient is based upon the following
conditions of use:

(i) The ingredient is used as an
enzyme as defined in § 170.3(0)(9) of
this chapter.

(ii) Current good manufacturing
practice utilizes a level of the ingredient
sufficient to prevent the late blowing of
cheeses caused by the bacterium
Clostridium tyrobutyricum during
cheese production.

(iii) The ingredient statement for both
bulk and packaged food that contains
cheese manufactured using egg white
lysozyme shall include the common or
usual name “‘egg white lysozyme’' to
identify the source of the protein.

Dated: March 3, 1998.
L. Robert Lake,

Director, Office of Policy, Planning and
Strategic Initiatives, Center for Food Safety
and Applied Nutrition.

[FR Doc. 98-6571 Filed 3-12-98; 8:45 am]
BILLING CODE 4160-01-F

FEDERAL COMMUNICATIONS
COMMISSION

47 CFRPart 73
[MM Docket No. 98-29, RM-9190]

Radio Broadcasting Services; Indian
Wells, CA

AGENCY: Federal Communications
Commission.
ACTION: Proposed rule.

SUMMARY: This document requests
comments on a petition for rule making
filed on behalf of Professional
Broadcasting, Inc. requesting the
allotment of FM Channel 238A to Indian
Wells, California, as that community’s
first local aural transmission service.
Coordinates used for this proposal are
33-42-04 and 116-14-47. Indian Wells,
California, is located within 320
kilometers (199 miles) of the Mexico
border, and therefore, the Commission
must obtain concurrence of the Mexican
government to this proposal.

DATES: Comments must be filed on or
before April 27, 1998, and reply
comments on or before May 12, 1998.

ADDRESSES: Secretary, Federal
Communications Commission,
Washington, DC 20554.

In addition to filing comments with
the FCC, interested parties should serve
the petitioner’s counsel, as follows: john
R. Feore, Jr., M. Anne Swanson and
Kevin P. Latek, Esgs., Dow, Lohnes and
Albertson, 1200 New Hampshire
Avenue, NW., Washington, DC 20036—
6802.

FOR FURTHER INFORMATION CONTACT:
Nancy Joyner, Mass Media Bureau, (202)
418-2180.

SUPPLEMENTARY INFORMATION: This is a
synopsis of the Commission’s Notice of
Proposed Rule Making, MM Docket No.
98-29, adopted February 25, 1998, and
released March 6, 1998. The full text of
this Commission decision is available
for inspection and copying during
normal business hours in the FCC's
Reference Center (Room 239), 1919 M
Street, NW., Washington, DC. The
complete text of this decision may also
be purchased from the Commission's
copy contractor, International
Transcription Service, Inc., 1231 20th

Street, NW., Washington, DC 20036,
(202) 857-3800.

Provisions of the Regulatory
Flexibility Act of 1980 do not apply to
this proceeding.

Members of the public should note
that from the time a Notice of Proposed
Rule Making is issued until the matter
is no longer subject to Commission
consideration or court review, all ex
parte contacts are prohibited in
Commission proceedings, such as this
one, which involve channel allotments.
See 47 CFR 1.1204(b) for rules
governing permissible ex parte contacts.

For information regarding proper
filing procedures for comments, See 47
CFR 1.415 and 1.420.

List of Subjects in 47 CFR Part 73
Radio broadcasting.
Federal Communications Commission.

John A. Karousos,

Chief, Allocations Branch, Policy and Rules
Division, Mass Media Bureau.

[FR Doc. 98-6514 Filed 3-12-98; 8:45 am]
BILLING CODE 6712-01-P

FEDERAL COMMUNICATIONS
COMMISSION

47 CFR Part 73

[MM Docket No. 98-28; RM-9234]
Radio Broadcasting Services;
Meyersdale, PA

AGENCY: Federal Communications
Commission.
ACTION: Proposed rule.

SUMMARY: The Commission requests
comments on a petition filed by Douglas
M. Dasdorf proposing the allotment of
Channel 253A at Meyersdale,
Pennsylvania, as the community’s
second local FM transmission service.
Channel 253A can be allotted to
Meyersdale in compliance with the
Commission’s minimum distance
separation requirements at city
reference coordinates. The coordinates
for Channel 253A at Meyersdale are
North Latitude 39-48-42 and West
Longitude 79-01-36. Since Meyersdale
is located within 320 kilometers (200
miles) of the U.S.-Canadian border,
concurrence of the Canadian
government has been requested.

DATES: Comments must be filed on or
before April 27, 1998, and reply
comments on or before May 12, 1998.
ADDRESSES: Federal Communications
Commission, Washington, DC 20554. In
addition to filing comments with the
FCC, interested parties should serve the
petitioner, his counsel, or consultant, as
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Hepner et Associates stated in their report in
July 1986 that the market for lysozyme in dairy
application is about 30000 kgs/year, and that the
market price for lysozyme at the moment is
USD 150/kg. This totals a market of FIM 22,0
million per year. This estimate is based on the
legislative situation in Europe so e.g. West-
Germany and whole of Scandinavia is excluded from
. this figure. The same report forecasts as a future
i trend an amount of 500000 tons cheese, which could
be prepared with lysozyme in West-Europe. This
figure considering IDF~data, may not include
Scandinavian amount of about 150000 tons/year.
Hepner also states a possible reduction of the
price on lysozyme from 150 USD/kg at present to
USD 75/kg, before it will conquer the market.

6 .
Conclusions The use.of lysozyme to inhibit the late blowing

- phenomena in hard and semihard cheeses has proved
to be successful at addition levels of 500 U
lysozyme/ml cheese milk (20 g/1000 1).

As lysozyme, according to several research papers,
remains untouched in the pH- and temperature/time -
ranges used in cheese manufacturing, it is
essential to avoid cverdosing of lysozyme (about
1000 U/ml), which results in small holed and mild
flavoured cheese. Cheese manufacturers should also
be properly informed to test their own starter
cultures with lysozyme, before production scale
cheese manufacturing with it.

The seasonal variations in the count of Clostridia
Spores in milk are depending very much on the
country or even on milk production area in
questicon. Thus the information received e.g. from
the possible experiments with Valio are just
instructive figures, which serve as quidance for
foreign customers in their own needs.

The size of potential market after lysozyme 1is
permitted generally, total 700000 tons cheese per
year in West-Europe and 440000 tons cheese in
"North-America totalling lysozyme 140000 kgs and
88000 kgs respectively. According to today's price
level this results in markets of FIM 105.0 million
in West-Europe and FIM 66.0 million in North-
America. Assuming the probable reduction ‘stated by
Hepner and Assoc. we result in markets of FIM 53.0
million and FIM 33.0 million respectively. As the
cost of use of lysozyme is very high compared to
that of nitrates, this reduction in price and also
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U. S. Food and Drug Administration
Center for Food Safety & Applied Nutrition

Office of Premarket Approval

Agency Response Letter
GRAS Notice No. GRN 000064

DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Washington, DC 20204

April 2, 2001

Mr. Robert H. Sindt
Attorney At Law

1850 M Street, N.W.
Suite 400

Washington, D.C. 20036

)

Re: GRAS Notice No. GRN 000064

Dear Mr. Sindt;

The Food and Drug Administration (FDA) is responding to the notice, dated December 15, 2000, that
you submitted on behalf of Rhodia, Inc. (Rhodia) in accordance with the agency's proposed
regulation, proposed 21 CFR 170.36 (62 FR 18938; April 17, 1997; Substances Generally
Recognized as Safe (GRAS)). FDA received the notice on December 20, 2000, and designated it as
GRAS Notice No. GRN 000064.

The subject of the notice is egg white lysozyme. The notice informs FDA of the view of Rhodia that
egg white lysozyme is GRAS, through scientific procedures, for use as an antimicrobial agent in
casings for frankfurters and on cooked meat and poultry products. Egg white lysozyme would be
used in casings for frankfurters at a concentration of 2.5 milligram (mg) lysozyme per pound (Ib) of
frankfurter (equivalent to 5.5 mg lysozyme per kilogram (kg) of food) and in cooked meat and
poultry products sold as ready-to-eat at a concentration of 2.0 mg of lysozyme per Ib of cooked meat
or poultry product (equivalent to 4.4 mg of lysozyme per kg of food).

Rhodia's notice describes published information regarding the chemical identity of lysozyme
(Chemical Abstract Service Registry Number 9001-63-2). Under a system developed by the
Commission on Enzymes of the International Union of Biochemistry, the systematic name of
lysozyme is peptidoglycan N-acetylmuramoylhydrolase and its systematic number is EC No.
3.2.1.17. Rhodia describes lysozyme as a natural antimicrobial protein with a molecular weight of
approximately 14,300 daltons. The enzyme occurs naturally in many organisms. Hen egg white
lysozyme is among the most throughly characterized enzymes, and its three-dimensional structure,
mechanism of action, substrate specificity, and other properties have been determined. Lysozyme is
inactivated by stomach and intestinal proteolytic enzymes, particularly pepsin.

http://www.cfsan.fda.gov/~rdb/opa-g064.html 5/9/2002
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Dairy Research Institute, Hillerod, states in
their report (Ne. 250), that only one per cent of
the lysozyme (Hansozym) they used was lost in whey
(5). According to data bases' file search any
paper on the lysozyme's binding to milk casein has
not been published so far.

Italian paper (11) stated in 1983 that lysozyme is
nearly totally retained in curd and is found in
the cheese after one year of ripening. Carini et
al. (12) found in 1984 that lysozyme lost 30 % of
its initial activity during ripening and storage.

In appendix E the production volumes of hard and
semihard cheeses in certain OECD-countries are
introduced both cost of the use of nitrate and
lysozyme. '

The countries permitting the use of nitrates
(Scandinavia, Ireand, United Kingdom, Netherlands,
Belgium and Canada) produce altogether 1197000
tons per year hard and semihard cheeses. When we
make an assumpticn (based on Finnish data) that
one half of this amount is such varieties (Edam,
Gouda, Tilsit, Grana, Provolone) whereto lysozyme
could be used, we result in a figure of about
600000 tons/year. This means 120000 kgs lysozyme
worth FIM S0.0 million per year as a total market.

If we count Scandinavia as its own, we find out
that about 150000 tons of cheese (0.5 x 293) could
be manufac'tured with lysozyme in Scandinavia. This
means 30000 kgs market worth FIM 22.0'million per
year.

In the rest of Western Europe (excl. UK) hard and
semihard cheese production totals 1828000
tons/year, which results (by factor 0.3) in 550000
tons cheese per year for which lysozyme could be
used (= 110000 kg/lysozyme). This corresponds a
market of FIM 82.0 million per year.

The markets in the United Kingdom and North-America
are more difficult to estimate as the main variety
Cheddar doesn't, due to its rapid acidifying,
require necessarily lysozyme. According to the

data shown in appendix F roughly 18 % (Italian
varieties) of the cheese produced could be
manufactured with lysozyme. This results in 440000
tons/year, meaning a market of 88000 kgs lysozyme
worth of FIM 66.0 million.
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Rhodia describes the method of manufacture of egg white lysozyme, which is based on generally
available and accepted principles of protein purification. Lysozyme is extracted from fresh egg white,
where it is present at approximately 0.3 percent of the egg white, and 3.5 percent of the egg white
protein. In the processing, a food-grade inert material (a polymer resin) is mixed with egg white
where it specifically binds with the lysozyme. The resin carrying the lysozyme is separated from the
egg white, and the lysozyme is removed from the resin by addition of salts and a change in the pH.
The enzyme is then concentrated, further purified, and dried. Specifications provided for lysozyme
are consistent with the general and additional requirements for enzyme preparations in the Food
Chemicals Codex (4th ed., 1996). Rhodia's notice provides intake estimates for the proposed uses of
lysozyme based on food consumption data collected by the U.S. Department of Agriculture (1998).

As part of its notice, Rhodia includes the report of a panel of individuals (Rhodia's GRAS panel) who
evaluated the data and information that are the basis for Rhodia's GRAS determination. Rhodia
considers the members of its GRAS panel to be qualified by scientific training and experience to
evaluate the safety of substances added to food. Rhodia's GRAS panel discusses the information and
data provided by Rhodia to the panel on the chemical, physical, and antimicrobial properties,
manufacture and processing, stability, conditions of anticipated use, and estimates of dietary
exposure.

Rhodia's GRAS panel notes that FDA recently evaluated available information on lysozyme and
tentatively affirmed that egg white lysozyme, when labeled by the name "egg white lysozyme" to
identify its source, is GRAS for use in preventing late blowing of cheese caused by the bacterium
Clostridium tyrobutyricum during cheese production (the tentative final rule on lysozyme; 63 FR
12421; March 13, 1998). In that tentative final rule, FDA explained that egg whites are known to be
an allergenic food source, particularly in children. FDA referenced a literature report indicating that
lysozyme may in fact have been an allergen for some individuals who became sensitive to egg
whites. Accordingly, FDA proposed that a condition for the safe use of lysozyme would be labeling
to alert such individuals to the presence of egg white lysozyme in cheese. Such labeling also would
alert the sensitive population to the possible presence of source-derived proteins other than lysozyme

in the enzyme preparation.

In its report, Rhodia's GRAS panel discusses, and concurs with, several of the conclusions drawn by
FDA in the tentative final rule on lysozyme. Rhodia's GRAS panel concludes that:

e There will be no long term increase in lysozyme intake by the general population because the
egg whites from which lysozyme is extracted will be subsequently consumed (without
lysozyme) in other food uses.

o The safety of lysozyme as a component of egg white is supported by a long history of safe
consumption by humans as a source of food protein throughout recorded history.

o Proteins derived from egg whites do not raise toxicity concerns, and the methods used for
extracting lysozyme from the egg white source should not alter either the chemical identity or
the characteristic properties of the enzyme.

e FDA's tentative conclusion that egg white lysozyme is GRAS for use in preventing late
blowing of cheese caused by the bacterium Clostridium tyrobutyricum during cheese
production is based, in part, on a presumption that the ingredient would be labeled by the name
"egg white lysozyme" to identify its source.

Based on the information provided by Rhodia as well as other information available to FDA, the
agency has no questions at this time regarding Rhodia's conclusion that egg white lysozyme is GRAS
under the intended conditions of use, provided that the ingredient statement of food products that
contain egg white lysozyme contain the name "egg white lysozyme" to identify the source of the
protein. The agency has not, however, made its own determination regarding the GRAS status of the
subject use of egg white lysozyme. As always, it is the continuing responsibility of Rhodia to ensure
that food ingredients that the firm markets are safe, and are otherwise in compliance with all

http://www.cfsan.fda.gov/~rdb/opa-g064.html 5/9/2002
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After the cheese curd is cut to pieces (cubes)

this curd is scalded (warmed up) for 30-60 min to
get the whey off the cubes. The tempergture use8
for Edam and Gouda is ranging from 36 °C to 39 “C
and for Emmental and Gruyere cheese from 50 oC to
54 °c (max 57 OC). The time of scalding in Emmental
cheese can go up to 90 minutes.

Friend et al. (6) found that lysozyme survives
heating at 62,5 "C for 30 minutes, but not heating
at 75 "C for 15 minutes at the natural pPH of milk.
This means that lysozymes survives also the
scalding of Edam and Gouda cheeses.

The pH of normal milk ranges from 6,5 to 6,8. As
the cheese is ready to be pressed (about 20-24
hours) after 3-4 hours from the beginning of
cheesemaking the pH of the curd is below 6,5 and
after pressing about 5,15-5,25. This means that
the pH in milk/curd during cheesemaking doesn't
influence on lysozyme activity at all (appendix C)
(7). Krasz (8) stated the highest activity of
lysozyme at pH 6,15 and practically at the pH
range 5,5-6,5 the activity remains stable.

In cheesemaking lysozyme must survive the
mechanical stress during cutting scalding and
wheying off. Wasserfall (7) showed that lysozyme
remained almost untouched the treatment with Ultra-
Turrax at 0 °C for 8 minutes (appendix D).

Binding lysozyme to casein

In cheesemaking the ability of lysozyme to bind to
casein is of great importance, because the rate of
binding gives the amount of dosage (cost of use)
needed to inhibit late blowing. Also binding to
casein quarantees the function of lysozyme during
cheese ripening and storage.

Wasserfall (7) stated 1977 that 15-17 % of the
lysozyme added was recovered in whey and in the
water used for curd washing, naturally meaning
that 83-85 % of the lysozyme was binded to casein
in order to inhibit late blowing. Green et al (9)
and Marschal et al. (10) stated in 1977-1978
according to their laboratory experiments with
casein micelle suspensions that even as much as 98
% of the lysozyme added adsorbed on casein
micelles.
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applicable legal and regulatory requirements.

During its evaluation of GRN 000064, FDA consulted with the Labeling and Consumer Protection
Staff of the Food Safety and Inspection Service of the United States Department of Agriculture
(FSIS). FSIS requests that Rhodia be advised that it may be necessary to modify regulatory standards
where a standard of identity prohibits or limits the use of an ingredient. At this time, FSIS is not
initiating any substance-specific rulemaking activities to amend food standards until its ongoing
standards modernization activities are completed. However, FSIS will be able to address requests for
the use of any antimicrobial formulations containing egg white lysozyme on meat and poultry
products with prevailing standards of identity provided they are descriptively labeled to clearly
distinguish them from the traditional standardized products. It is our understanding that you will seek
regulatory guidance from FSIS concerning the use of these antimicrobial formulations in
standardized meat and poultry products. You should direct your inquiry to Dr. Robert Post, Director,
Labeling and Consumer Protection Staff, Office of Policy, Program Development and Evaluation,
Food Safety and Inspection Service, 300 12th Street, SW, Room 602, Washington, DC 20250-3700.
The telephone number of his office is (202) 205-0279 and the FAX number is (202)205-3625.

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter, as well as a copy of
the information in the notice that conforms to the information in proposed 21 CFR 170.36(c)(1), is
available for public review and copying on the Office of Premarket Approval's homepage on the
Internet (at http://www.cfsan.fda.gov/~Ird/foodadd.html).

Sincerely,
/s/
Alan M. Rulis, Ph.D.
Director
Office of Premarket Approval :
Center for Food Safety and Applied Nutrition

cc:  Dr. Robert Post, Director
Labeling and Consumer Protection Staff
Office of Policy, Program Development and Evaluation
Food Safety and Inspection Service
300 12th Street, SW, Room 602
Washington, DC 20250-3700

“

Food Additives and Premarket Approval | Summary of all GRAS Notices

Foods Home | FDA Home | Search/Subject Index | Disclaimers & Privacy Policy

Content last updated by Isk/pmg on 2001-APR-26
Hypertext last updated by Isk/pmg on 2001-APR-26

http://www.cfsan.fda.gov/~rdb/opa-g064.html 5/9/2002
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acid bacteria (flavour producers) and this will
produce a cheese without holes and of mild flavour.
In Finland cheese is called a blind cheese if a
cheese type doesn't have holes according its
characteristic definitions.

The Dairy Research Institute, Hillerod, Denmark
(5), noticed that in addition of 1200 U/m1l lysozyme
entered to a Edam cheese with small holes or
totally 'blind' cheese.

In Edam cheese a blind body means that the growth
of flavour/aroma producing bacteria, Str.
diacetilactis ‘and Leuconostoc citrovorum, has been
insufficient. This phenomena produces also mild or
mildless flavour and untypical taste into cheese,

In Emmental and Gruyere cheese the development of
flavour and aroma is induced by Lactobacillus
helveticus and mainly by propionic acid bacteria.
Lb. helveticus has proteolytic activity and
degrades casein ‘down to dipeptides and amino acids.
Certain amino acids give to cheese its own
identical flavour and taste. Lb. helveticus' growth
is inhibited by higher lysozyme additions as
mentioned earlier in chapter 3.1. Propionic acid
bacteria has not been found to be sensitive to
lysozyme.

Appendix C, table 1 & 2, shows the Danish cheese
grading results in the experiment using lysozyme
on Edam cheese (Danbo). In the trials with added
Clostridia spores Edam with 1 and 2 grams lysozyme
per 100 litres cheese milk was scored of equal
quality or better than that manufactured with
nitrate (10 g/100 1). In the trials, where normal
bulk milk was used for cheese manufacturing, Edam
made with lysozyme addition, was graded better
than Edam with nitrate in every organoleptical
property (texture, body, flavour and taste).

Lysozyme in cheese making process

4.1

Temperature and acidity

The best phase to add lysozyme (crystalline
lysozyme first dispersed to warm, 29-30 oC, water)
is to do it with the starter culture, which is
added as soon as the cheese milk is brought to the
curdling temperature (29-31 OC) needed for the
cheese type.
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Clostridia and coliforms

3.3

Wasserfall and Teuber (2) stated in their cheese
making experiment in 1978 that lysozyme in
concentration of 500 U/ml cheese milk can't only
prevent the late blowing provoked by the forms of
C. tyrobutyricum sensitive against this enzyme;
even spores, the vegetative cells of which are
resistant against lysozyme, are hindered to provoke
the late blowing in cheese. They concluded that
since lysozyme resistance is not lost by one cycle
of sporulation of lysozyme-resistant vegetative
cells, the above observation on lysozyme resistant
spores implies that some steps in the conversion
process must be sensitive to lysozyme.

The concentration of lysozyme sufficient to lyse
the 99 % of the cells of Cl. tyrobutyrécum
initially present (initial conc. = 10 ~/ml) in-
Reinforced Clostridial Medium was evaluated as
25 ppm. To achieve a similar percentage of lysis
in milk, double concentrations of lysozyme were
necessary (50 ppm) (2).

Eschricia coli can cause 'coliform blowing'/small
hole formation in the early stage of cheese
ripening. The sensitivity of E.coli to lysozyme is
debated. Wasserfall (3) states that coliforms are
not influenced in the cheese curd and so they must
be inactivated by a suitable heating process.

Organoleptical quality

In the experiments of Federal Dairy Research
Center, Kiel, West-Germany (4) Edam cheeese
manufactured with lysozyme turned out to be of an
equal organoleptical quality (texture, body, holes,
flavour and taste) as Edam cheese with nitrate
addition. The dosage for lysozyme was 500 U/ml and
for nitrate 10 g/100 1 cheese milk. .

Parallel results have been obtained in experiments
in Denmark, Norway, Italy and in Hungary.

The optimum level of lysozyme dosage to cheese

milk in the above experiments has proved to be 500
U/ml. If this level seems to be, due to poor raw
milk quality, too low, it is in that case better

to use a combination of lysozyme and nitrates. As
the dosage of lysczyme is about 1000 U/ml, lysozyme
will start inhibiting the growth of certain lactic



Material Safety Data Sheet  ™“"ier,

Product Name:  Froprietary Name
Description: Lysozyme an enzyme extracted from hen egg white CAS No: 9001-63-2
Supplier Company Name Phone No.

Address:

Hazardous Ingredients

Ingredient Percentage Ingredient Percentage
Physical Data
Vapour
Physical State |Odor and Appearance: Odor threshold Pressure Vapour Density
Granulated white to off-white powder, no not determined n/d (air =1) n/d
powder distinct odor (n/d)
Freezing | Solubility in Specific
Boiling Point |Evaporation Rate Pt H20 Gravity Melting Point
Not applicable n/d n/a soluble (water=1) n/d
(n/a) : n/d
Fire and Explosion Data
Flammable under which conditions
No Not applicable (n/a)
Extinguishing Media:

Water spray, dry chemical powder, Carbon dioxide, or appropriate foam.

Sensitivity to | Sensitivity to

Lower impact Static
n/a n/d n/d

Flammable Limits Upper

n/a

Flash Point |[Method
none n/a
Special Fire Fighting Procedures:
Wear self-contained breathing apparatus and protective clothing to prevent contact with skin and eyes.
Unusual Fire and Explosion Hazards:
None.
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Today the use of lysozyme in cheese is permitted
in Denmark, Belgium, France, West-Germany and
Italy.

Appendix B shows the cheese varieties for which
lysozyme is applicable. Lysozyme generally is
applicable to hard and semi-hard cheeses like
Edam, Gouda, Tilsit, Trappist, Emmental and
Parmesan types, but not to cheeses with interior
mould ripening or with a fast and high acidifying
rate like Cheddar-varieties.

The :influences of lysozyme on cheese

3.1

Lactic acid bacteria of cheese

In an Italian paper (LODI, R. 1983) (1) concerning
the activity of lysozyme on different species of
lactic organisms (L. bulgaricus, L. helveticus, L.’
jugurti, L. lactis, L. fermentum, L. plantarum, L.
casei, Pediococcus cerevisiae, Str. lactis. Str.
thermophilus, Str. faecalis, Str. faecalis var.
liquefaciens, Str. faecalis var zymogenes) it was
shown that lysozyme does not significantly impair
the growth and acidifying, proteolytic and reducing
activities of these organisms. Only the strains of
Lb. helveticus have been confirmed to be partially
sensitive to lysozyme, and especially at levels
over 25 ppm (25 g/1000 1 cheese milk).

Lb. helveticus is mainly used in starters for
Emmental and Cruyere cheese. The most typical
organisms used for Edam, Gouda and Tilsit type
cheese, namely Str. lactis, Str. cremoris, Str.
diacetilactis and Leuconostoc citrovorum, haven't
proved to be sensitive for lysozyme at the levels
used into cheese milk. At the level over 1000 U/ml
cheese milk Streptococcus species have showed
decrease in both growth and acidifying properties.

Wasserfall (2) found 500 U/ml as a limit to avoid
inhibition on Str. cremoris and Str. diacetilactis.
Researchers have not found any lytic action of
lysozyme on propironic bacteria, which develope the
flavour and holes of Emmental and Gruyere cheese.

In practice, every cheese plant willing to use
lysozyme, must test their own starter cultures with
lysozyme addition, before production scale cheese
manufacturing.



Health Hazard Data

Threshold limit Value (TLV) LCs0 LDso
n/a n/a (IPR-MUS) 5800 mg/kg
Route Effects Immediate and First Aid
: Long Term
Inhalation May be harmful in high Remove to fresh air. Give artificial respiration if not
dosages and cause allergic  |breathing. Get immediate medical attention.
reaction in sensitive persons.

Eyes May cause irritation. Immediately flush eyes with lots of unning water for 15
minutes, lifting upper and lower eyelids occasionally. Get
immediate medical attention.

Skin May cause allergic reactions |Immediately wash skin for at least 15 minutes. Remove

in sensitive persons. contaminated clothing and shoes; wash before reuse. Get
medical attention if irritation persists after washing.

Ingestion May cause allergic reactions {Wash out mouth with water provided person is conscious.

in sensitive persons. Call a physician. Get immediate medical attention. Do not
give anything by mouth to an unconscious or convulsing
person.

Other This product is not considered to be a carcinogen.

precautions The toxological properties have not been thoroughly investigated.

{

Reactivity Data

Stable | yes Unstable (Conditions to |Hazardous Decomposition| Incompatibility (Materials

Avoid) Products to Avoid)

Hazardous Polymerization

May Occur: N/A N/A N/A

Will Not XX

Occur:

Spill or Leak Procedures

- Wear protective equipment, including: impervious boots, impervious glove, impervious apron and a self-
contained breathing apparatus in the pressure demand mode or a supplied-air respirator. If the spill or leak is
small, a full face piece air-purifying respirator equipped with particulate filters may be satisfactory.

- Mop up spill area, rinse spill area with large amounts of fresh water. Take care not to allow product to dry
prior to clean up. If dried take care when sweeping up residue to avoid raising a dust.

- Comply with all applicable government regulations on spill reporting and handling and disposal of waste.
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LYSOZYME IN CHEESE PRODUCTION

1 )
Introduction

2

Several means of preventing the late blowing,
caused by anaerobe Clostridia in hard and semi-
hard cheese manufacture has been studied so far:

The use of nicin, active against the germination
of spores, hasn't shown any interesting results,
since it involves deep changes of the
microbiological and technological parameters of
the cheese. )

The use of nitrates or nitrites, although being
efficient in preventing the blowing, brings
toxicological problems. These additives may result
in the formation of nitrosoamines in cheese.

The treatment of milk with IR or UV radiation
hasn't shown after all efficient against the late
blowing.

Milk bactofugation has also been used for
restriction of the number of clostridia spores, but
it is an operation requiring considerable capital
investment for plants. The decrease in the number
of spores, which can be obtained does not solve

the problem if the milk is highly contaminated with
Clostridia spores..

One method, widely used in Italy, is the addition
of formaldehyde to the cheese milk or, for
Provolone cheese, in the curd stretching water.

Lysozyme and cheese types

The lytic action of lysozyme on the vegetative
forms of Clostridium tyrobutyricum and on
Clostridia in general has led to its widespread
experiment use in cheese production, particularly
in the manufacture of medium- and longternm ripening
cheeses (hard and semihard cheeses).

In appendix A is shown the cheese varieties of
different European countries on which the
eéxperiments and use of lysozyme has been carried
out. Tests have been done in Scandinavia, France,
West-Germany, Austria, Italy and Hungary. In the
litlerature there is no mention about experiments
in the UK and the Netherlands.



Special Protection Information

Respiratory Not normally required, if dust is a problem wear approved respirator.
Protection:

Ventilation: Local mechanical exhaust capable of minimizing emissions at point of use.
Protective '

Gloves (Type): Chemically resistant Eye Protection (Type): chemical goggles

Other Protective Equipment:
Where necessary use long sleeved shirts, trousers, rubber boots and apron.

Special Precautions

Precautions for Handling and Storage:
Wear appropriate NIOSH/MSHA -approved respirator, chemical-resistant gloves, safety goggles, other
protective clothing. Mechanical exhaust required.

Other Precautions:
Avoid contact and inhalation.

The information contained herein is believed to be correct but does not purport to be all inclusive and
‘ shall be used only as a guide.
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of pure cultures can differ. According to BOTTAZZI (23) 10 % of the
"natural" spores of the mixed-spore population of BAB present in milk are
resistant to lysozyme. This explains our observation that lysozyme
(600 U/ml) is active against spores of certain strains but not against (all)
natural spores of BAB. Further research is needed to elucidate the
effectiveness of lysozyme against BAB, but it is clear that for Gouda cheese
this effect is very limited. )
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Fig. 4. The resistance to lysozyme of spores of two pure cultures of BAB

Discussion

From the results given in this paper it appears that the usual amount of
lysozyme added to milk (about 500 U/ml) can prevent BAF in Gouda cheese
made from it only if the number of spores of BAB does not exceed 0.3 spores
per ml. This number is normal in milk produced during summertime. In
most European countries the number of spores of BAB in milk in winter
amounts at least to a level of a few spores/ml. Increasing the amount
of the added lysozyme to 6.0 g per 100 1 was more effective also in cheese
made from milk with 13 spores/ml. However, it is questionable whether
it is possible to use 6 g of lysozyme per 1001 of cheese milk in terms of
costs and availability. The addition of 6 g of lysozyme/1001 cheese milk
did not inhibit the growth and acid production of the mesophilic starter
used (BD-starter Bos). The results obtained are not in accordance with
those observed by others without due consideration (see references 2, 3,
6 and 7). One of the reasons is that in one experiment described above
the cheeses had been stored at 13 °C or even partly at 18 °C. In orientating
experiments in which lysozyme was used it appeared that, at ripering at
10 °C, BAF did not occur. Such temperatures or even lower are often
used in experiments just referred to, but the ripening temperature for Gouda
cheese should be at least 12 °C. Another reason is that many experiments
with lysozyme have been carried out with spores of pure cultures of BAB,
which may not be resistant to lysozyme. The results in Figures 3 and 4
show that there is a difference in resistance to lysozyme between natural
spores and spores of pure cultures of BAB and that the resistance of spores
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In a third experiment again four vats of cheese were made. From one quarter
of a portion of naturally contaminated milk cheese was made in the usual
way. The milk contained 0.8 spores of BAB/ml. Instead of nitrate 3.0 g
lysozyme of preparation 2 per 1001 milk was added (600 U/ml). The
remaining quantity of the milk was bactofugated. Thereafter so much
of a spore suspension of C. tyrobutyricum BZ 15 was added to the milk
that the number of spores of BAB amounted to 5/ml. From one third of
this milk, cheese was made without any addition to prevent BAF. To another
third 15 g NaNOg/100 1 milk was added and to the last part 3.0 g lysozyme
of preparation 2 per 1001 was added. The cheeses were stored at 13 °C.
After four weeks half of the cheeses from every vat were kept at 18 °C.
The cheese was graded after a ripening period of 6 weeks.

Figure 3 shows cross sections of the cheese. Spores of BZ 15, a pure culture
of C. tyrobutyricum, caused BAF in cheeses made from milk without any
addition to prevent BAF. As was expected, an addition of 15 g NaNO3/1001
prevented BAF by the strain BZ 15, but it was observed too that 600 U
lysozyme/ml of cheese milk could prevent BAF by strain BZ 15 (at 5
spores/ml). On the other hand, Figure 3 shows that in cheese made from
milk containing 0.8 "natural" spores/ml a clear fermentation of BAF
occurred, which was more intensive when the cheese was subsequently
stored at 18 °C. Lysozyme is apparently more active against spores of
certain pure cultures of BAB than against "natural" BAB-spores. To
demonstrate this difference in resistance to lysozyme the strains BZ 15
and Ly5 were tested for their resistance to lysozyme by the method
described in Section 2.7. The results are given in Figure 4. It appears that
the strain BZ 15 is more sensitive to lysozyme than the strain Ly 5. The
latter strain was isolated from a cheese which had been made with lysozyme
but in which BAF occurred.
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Fig. 1.
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Effect of adding lysozyme to cheese milk on. the occéurrence of
BAF. The spore numbers of the milk were adjusted to 1.1, 0.27
and 13.0/ml respectively. The control cheese was made from milk
with 13.0 spores/ml; 15 g NaNO3/100 1 was added instead of 2.5¢g
lysozyme. Cross sections are shown of the cheese after 24 weeks;
above: cheeses stored at 13 °C; below: cheeses stored for four
weeks at 13 °C, thereafter at 18 °C.

459290/45291 milk with 1.1 spores/ml

45293/45294 milk with 0.27 spores/ml + 2.5 g lysozyme/1001
45296/45297 milk with 13.0 spores/ml

45299/45300 milk with 13.0 spores/ml + 15 g NaNO03/1001
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concentrate obtained, which contained about thirty times more spores
than the milk, was used to adjust the number of spores in the cheese
milk to the desired level.

2.7 Estimation of the resistance to lysozyme of spores of pure cultures
of spores of Clostridium tyrobutyricum.

Different amounts of a filtered solution of lysozyme were mixed with
TGV-agar and plates were made. Equal amounts of a spore suspension
in milk, which was pasteurized for 10 min at 80 °C, were plated out
on the agar. The plates were incubated and the percentages of spores
estimated, which were then germinated and grown out to colonies
and compared with those grown on plates without lysozyme.

3. Results and discussion

In the first experiment four vats of cheese were made. The number of
spores was adjusted to 1.1, 0.27 and 13.0 spores/ml cheese milk respectively.
To the milk 2.5 g lysozyme (preparation 1)/1001 cheese milk (475 U/ml)
was added. Control cheeses were made from the milk with 13 spores/ml;
15 g NaNOg was added per 1001 instead of lysozyme. The results are given
in Table 1, and cross sections of the cheeses are shown in Figure1l. It is
clear from the results that the added amount of lysozyme could not prevent
BAF in the cheese made from milk with 13.0 spores/ml. In the cheeses
stored continuously at 13 °C as well as in those stored later on at 18 °C,
a very strong BAF was observed. In cheeses made from milk with 1.1
spores/ml a strong fermentation was observed after storage at 13 °C for
4 weeks followed by 20 weeks at 18 °C. When the cheeses were stored
continuously at 13 °C, the fermentation was only slight. No BAF was
observed in the cheeses made from milk with 0.27 spores/ml.

In a second experiment four vats of cheese were also made. In one part
of the milk (three quarters of the total volume) the number of spores was
adjusted to 13.0/ml, in the other part (one quarter) to 1.7/ml. The first
part was divided into three portions to which per 100 litres 15 g NaNOg,
3.0 g and 6.0 g lysozyme were added respectively. To the milk with 1.7
spores/ml 3.0 g lysozyme was added. Lysozyme preparation No. 2 was
used. The main results of this experiment are shown in Table 2 and Figure 2.
From these results it is clear that the addition of 3 g lysozyme/100 1 cheese
milk could not prevent BAF in the cheese made from it. Even in the cheeses
made from the milk with 1.7 spores/ml the fermentation was quite serious.
Only when 6.0 g 1ysozyme/1001 was added, the BAF was nearly completely
prevented during a ripening time of eight weeks.
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2.2.1 Afilact from CODIPI, Levallois Perret, France (preparation 1).
We found a strength of 19 000 U/mg in this product.

2.2.2 The lysozyme preparation from SPA Societa Prodotti Antibiotici
SPA Milan, Italy (preparation2). We found a strength of
20 000 U/mg in this product.

The number of spores of BAB in cheese milk was estimated according
to a modification of the procedure of Van BEYNUM and PETTE (20).
An MPN (Most Probable Number)-method was followed, mostiy using
five tubes in each of four successive 1-ml samples of milk and its
decimal dilutions. However, to obtain more accurate estimations
of the dilution from which partly positive and partly negative results
were to be expected, fifty tubes were examined instead of five. The
latter method has been described recently (21).

In some experiments the milk was "bactofugated" by means of a
Westfalia Bacteria Removing Separator, type CNB 130. The removal
of spores of BAB amounted to 98 %.

Pure cultures of Clostridium tyrobutyricum. For the preparation of
spore suspensions use was made of the pure strain BZ 15 from the
NIZO-collection. The pure strain,Ly 5 was also used. This strain was
isolated from cheese made from milk to which 3.0 g lysozyme/1001
cheese milk had been added but in which a strong BAF occurred. Pure
cultures were obtained by separating visible colonies of BAB which
could be easily detected in this cheese after a cross section had been
made. After transfer to some 0.2 % solution of trisodium citrate an
equal volume of milk was added and the colony was suspended in it.
The mixture was heated for 10 minutes at 80 °C in a water bath after
which the suspension of spores was smeared on TGV-agar which
thereafter was incubated anaerobically. For the composition of TGV-
agar see reference (22).

Spore suspensions were made by growing the clostridia for 3 weeks
at 37 °C in AC-broth (composition Proteose-peptone No. 3: 2 %; Bacto-
beef extract: 0.3 %; Bacto-yeast extract: 0.3 %; Malt extract: 0.3 %;
Bacto-dextrose: 0.5 %; ascorbic acid: 0.02 %, all m/v).. The broth
contained after incubation about 1 x 109 spores/ml. Exact numbers
were estimated by plating on TVG-agar.

Adjustment of the desired numbers of spores of BAB

In some cheese experiments use was made of a suspension with a.known
number of spores of Clostridium tyrobutyricum BZ 15. ‘

In other experiments the number of clostridial spores in the cheese
milk was adjusted as follows: milk was heated by thermization,
standardized (fat adjusted), cooled and stored at 5 - 6 °C. The number
of spores of BAB was estimated (MPN), which took four days. Then
a (calculated) part of the cheese milk was bactofugated. The
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to the cheese milk up to 250 mg/kg had no effect on growth of the starter
bacteria, their acid production or proteolysis in cheese. Lactobacillus
helveticus, however, was inhibited to some extent and the proteolytic activity
diminished. BATTISTOTTI et al. (10) observed some change in organoleptic
properties in Grana cheese made from milk to which lysozyme had been
added. »

Gouda cheese is very susceptible to BAF. In a recent paper (11) we
mentioned the critical numbers of spores of butyric acid bacteria (BAB)
per ml of cheese milk which would start to cause BAF in Gouda cheese.
When no nitrate is added to the cheese milk, this number is about one or
two clostridial spores per 200 ml of cheese milk (0.005 - 0.01/ml). When
nitrate is added to the cheese milk the critical number is higher (11). Nitrate
is an effective means of preventing BAF in Gouda cheese. Low amounts
are sufficient to prevent this undesirable fermentation. The contribution
of nitrate in cheese to the human daily intake of nitrate is negligible (12).
Neither has any indication been found that nitrate in cheese induces the
formation of N-nitroso-compounds (13, 14, 15, 16). Nevertheless, some
countries require the presence of only low amounts of nitrate in imported
cheese.

It was therefore investigated in the Netherlands Institute for Dairy Research
(NIZO) at Ede how far lysozyme could prevent BAF in Gouda cheese. The
experiments are still going on, but the results obtained so far, already justify
some important conclusions.

2. Material and methods

2.1 The usual method of making Gouda cheese from pasteurized milk was
used. In the experimental dairy Gouda cheeses of 10 to 12 kg were
made from 2000 litres of cheese milk. As a control cheese was mostly
made from milk to which 15 g NaNOg per 1001 had been added. In
making the experimental cheeses lysozyme was added instead of nitrate.
The BD-starter Bos was used in all experiments described. After 5h,
when the pH had reached a value of 5.4, the cheeses were salted as
usual in a brine bath (strength 19° Beaumé) at 13 °C. The nitrate
content of the brine used for the experimental cheeses was
approximately 12 mg/kg, which is very low compared with the usual
Gouda cheese brine. The pH reached values after 24 h between 5.10
and 5.20. The cheeses were then stored at 13 °C. After four weeks
a part of the cheeses was further stored at 18 °C. During storage
the gas formation in the cheeses was checked by sounding the cheeses
each week, by taking X-ray photographs (17), by taking photographs
of cross sections and by estimation of the redox potential (18).

2.2 The strength of the lysozyme preparations was estimated according
to SHUGAR (19) (Boehringer standard; strength 22 000 U/mg).

The following preparations of lysozyme were used:
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THE USE OF LYSOZYME FOR THE PREVENTION OF BUTYRIC ACID
FERMENTATION IN GOUDA CHEESE. THE LIMITED EFFECT OF THE
ENZYME

J. Stadhouders, H. Stegink & G. van den Berg
Netherlands Institute for Dairy Research (NIZO)
Ede, Netherlands

Abstract

\

LYY

The usual amount of lysozyme added to cheese milk (about 2.5 g/re or
500 U/ml) prevents butyric acid fermentation in Gouda cheese made from
it if the number of spores of BAB does not exceed 0.3 spores per ml of
cheese milk. The number of spores of butyric acid bacteria in winter milk
in most European countries amounts at least to a level of a few spores/ml.
This means that, in this concentration, lysozyme is not effective in Gouda
cheese made from winter milk. The effectiveness of lysozyme against
butyric acid fermentation is therefore very limited. In the discussion an
explanation is given why the observation described in this paper is not in
accordance with that mentioned by some other investigators.

1. Introduction

PULAY (1) found that lysozyme prevented butyric acid fermentation (BAF)
in cheese. WASSERFALL and PROKOPEK (2) studied the use of this enzyme
in more detail. Thereafter many data on the effect of lysozyme became
available in the literature (3, 4, 5). CARINI and LODI (6) confirmed the
anti-blowing effect of lysozyme in Grana and Montasio cheeses ~made
experimentally from milk containing 0.25 - 2.3 clostridial spores per ml
cheese milk. Also GHITTI et al. (7) claimed that the addition of 25 mg
lysozyme hydrochloride per kg cheese milk prevented BAF in Grana Padano
cheese when the clostridial spore counts in milk amounted to 2/ml. LOSI
and CHIAVARI (8) reported, however, that the use of lysozyme was effective
only when the spore content of the cheese milk was low.

Another question is: does the use of lysozyme affect the development of
the starter bacteria (lactic acid bacteria) and the organoleptic properties
of the cheese? LODI et al. (9) found that in most cases addition of lysozyme

Meijeritieteellinen Aikakauskirja XLIV, n:o0 1, p 23-35, 1986
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SOME FOOD APPLICATIONS OF LYSOZYME

Akashi, A. and Oono, A. (1972) Preservative effect of egg white lysozyme in
non-packed Kamaboko. Nippon Nogei Kagaku Kaishi 46 (4) 177-183
(Chemical Abstracts (1972)‘11, Abstract 99801).

Toda, Y. and Kawai, A. Preservation for tofu, bean curd. Japan 72 46,336
(Chemical Abstracts (1974), 80, Abstract 2439),

Hidaka, Y., Ohta, R., Yajima, M. and Matsuoka, Y. Food preservation with
enzymes. Japan Kokai 73 83,225 (Chemical Abstracts (1974) 80,
Abstract 81106).

Nishiguchi, M. Food Preservatives. Japan Kokai 75 42,057 (Chemical
Abstracts (1975), 83, Abstract 41773).

Igarashi, H. and Zama, K. Preservation of edible seafood. Japan 71 19,576
(Chemical Abstracts (1972), 77, Abstract 33128).

Dupuy, P. (1982) Use of enzymes in food technology. Paris Cedex 08,
France: Technique et Documentation Lavoisier.
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satisfactory until further evidence is obtained. Lysozyme appears to be of
value in the control of late blowing in countries which prohibit nitrate.

Published information indicates that in other cheese types which are very
sensitive to late blowing, such as Gouda, Tysozyme used at the current
normal addition under normal manufacturing and storage conditions is Jess
effective than the usual amount of nitrate. In this case lysozyme cannot
"be considered a suitable alternative to nitrate at present.

More information will become available for the varijous cheese types about
the critical number of spores in the raw milk to cause defects when
lysozyme 1is used. Combinations of lysozyme addition and other control
measures can then be evaluated further.
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Typical average composition of the enzyme preparation. The lysozyme

hydrochloride 1is electrophoretically pure. The following commercial
specification is relevant as shown:-

Lysozyme Hydrochloride - Food Grade

SPECIFICATIONS

a. pH =3.3+0.3

b. Identification = satisfactory

C. Residue on ignition = not more than 1.5 per cent

d. Heavy metals = not more than 10 ppm

e. Arsenic = not more than 1 ppm

f. Nitrogen content = 17.3 per cent + 0.5 per cent

g. Chloride content = 3.7 per cent * 0.5 per cent

h. Water = not more than 6 per cent

i. Assay = not Tess than 950 mcg/mg of lysozyme
hydrochloride standard calculated on the
anhydrous product (Ruyssen and Lauwers)

J. Microbial Timit tests

not more than 5 x 104 col/g
absent in 25 g

Total bacterial count
Salmonellae
Staphylococcus aureus,
Pseudomonas aeruginosa,
E.coli, sulphite-reducing

Clostridia = absent in 1 g
Coliforms max 30 col/g

o

TECHNOLOGICAL JUSTIFICATION

In many important cheese producing countries, where the feeding of silage
to cows s the normal practice, it is possible to limit the extent of
contamination of milk by the adoption of good husbandry practices and
effective clean miltk production.

Nevertheless, it has been established over many years that additional
practices employing mechanical means and more especially chemical control
methods must be employed to ensure that brine-salted cheese varieties are
protected from late blowing by clostridial infection.

However, there are big differences in the sensitivity to the  defect of
butyric acid fermentation between the brine-salted cheese varieties. This
is due to the composition and desired eye formation of the particular
Cheese type, and also the size of the cheese, the ripening temperatures and
the ripening times applied.

The published information indicates that for some cheese types, lysozyme is
a suitable substance for the control of late blowing provided the number of
clostridial spores is low. For these cheese types, which may be considered
Tess sensitive to late blowing, the level of lysozyme addition already
permitted by regulatory authorities in a number of countries appears to be
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6.10 INTERACTION WITH CHEESE INGREDIENTS AND FERMENTATION PRODUCTS

The recovery of lysozyme from vat milk, whey and cheese is practically the
total amount added. For the determination in cheese, in all the stages of
ripening, it is enough to prepare a simple extraction by water and this
.confirms that the associations between lysozyme and caseins are very
feable (Corradini, 1986).

In the method described by Birkkjaer et al. (1982), the cheese sample and
potassium phosphate buffer (used as a cheese dissolution agent in place of
citrate which has an inhibiting effect on lysozyme) are heated at 35°C for
one hour to release the enzyme.

These workers pointed to the high degree of stability of 1lysozyme during
the maturing of the cheese which allowed the lysozyme activity in the
cheese to be used to calculate the amount of lysozyme which was added to
the cheesemilk.

7. INFORMATION REQUIRED IN RELATION TO REGULATORY REQUIREMENTS
The following information has been provided by Corradini (1986).

Source of the enzyme preparation. The lysozyme employed in cheesemaking is
extracted from hen egg white.

Main activity. For the main activity of lysozyme the information reported
in section 6.1 of this paper relates.

Animal toxicity. Many studies confirm that lysozyme has an entirely
negligible acute, subacute and chronic toxicity on animals (Barbara
and Pellegrini, 1976).

Method of production and controls in production. The following method is
reported in the patents GB 1,110,466; Germ. 1617805; Neth. 152,172; USA
3,515,643, Denmark 113,841; Fr. 1,514,474, Jap. 887,334. "Hen egg white is
mixed with carboxilic resin buffered at pH 6.0 (about). The lysozyme is
adsorbed on the resin from which it is eluted by NaCl solution; after
precipitation at pH 10.0, the lysozyme base is dissolved with HCl1 to pH 3.5
to obtain Lysozyme hydrochloride precipitated by salt". During the
process, spectrophotometric  and microbiological controls are made,
particularly on the eluted solutions and first precipitates.

Food applications. See attached list of related papers.

Activity of commercial preparations. Usually the commercial preparations
have an activity 1in the range 95-100% on anhydrous basis, but it is
possible to find commercial preparations with Tower activity (about 90%).

Carriers, preservatives etc. Normally lysozyme hydrochloride preparations
are without carriers, preservatives or others.

The lower activity preparations have added NaCl.
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PARTITIONING OF LYSOZYME BETWEEN CHEESE CURD AND WHEY

Wasserfall (1977) reported that a large part of the enzyme was firmly
bound to the coagulum and thus was available for prevention of blowing
during cheese ripening.

In experiments on Danbo cheese, Birkkjaer et al. (1982) measured the levels
of lysozyme in the various fractions created during production using
Micrococcus lysodeikticus. They reported that 99 per cent of the lysozyme

in the cheesemilk went with the casein into the cheese and it was not
inactivated during cheese ripening. These workers reported that the method
which they developed for determining lysozyme in cheese was also suitable
for determining the enzyme in cheese milk and whey.

Moskowitz (1986) reported the view of the National Committee of the USA
that IDF should prepare an International Standard for the determination of
lysozyme in milk, cheese and whey.
PURITY OF THE LYSOZYME PREPARATION

In France, lysozyme powder must meet the following legal specifications
(Garnot 1984):-

The enzyme is extracted from egg white

Arsenic not more than 1 mg/kg
Lead not more than 3 mg/kg
Mercury not more than 0.5 mg/kg
Cadmium not more than 0.5 mgﬁkg
Total plate count not more than 5 x 10 /g
Salmonellae none in 25 g
Pseudomonads none in 1 g
Coliforms not more than 30 in 1 g

Commercial preparations may have specifications for yeasts and moulds Tless
than 30 per gram.

METHOD OF USE OF THE ENZYME

The commercial preparation in the amount required is dissolved in cold
sterile water in accordance with the supplier's instructions and added to
the cheesemilk prior to the addition of rennet.

FUNCTION IN THE END PRODUCT - REGULATORY STATUS

Prevention of development of clostridia and butyric acid fermentation.
Moskowitz (1986) considers that lysozyme will most likely be considered a
food additive.

Regulatory status for intended use still to be defined. van den Berg and
Stadhouders (1986) consider that lysozyme is a food additive.

The question of the regulatory status of lysozyme is a matter for the
authorities concerned and has still to be decided.
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that the level was not more than 300 mg/kg in the cheese (Richardson,
1986).

ADDITIONAL ~ INFORMATION  CONCERNING LYSOZYME AND ITS USE IN  CHEESE

MANUFACTURE

MODE OF ACTION OF LYSOZYME

Lysozyme decomposes the cell wall of clostridia and other Gram-positive
bacteria. The enzyme hydrolyses the peptidoglycan constituent of the
bacterial cell wall thus cleaving the chemical bonds between the N-acetyl
muramic  acid and N-acetyl glucosamine sub-units and releasing the
protoplasts  whcih while vretaining many vital functions, including
respiration, increase in size and division are not able to have prolonged
growth (Ayres, Mundt and Sandine 1980).

EFFECT ON OTHER SPOILAGE MICRO-ORGANISMS

Lysozyme has no effect on coliforms or other Gram -ve bacteria or yeasts
which may cause early blowing in cheese.

EFFECT ON LACTIC ACID BACTERIA

Jghnk  (1986) reports the practical experience that lysozyme in quantities
up to 100 ppm, hardly inhibits the activity of the starter culture. This
agrees with the statement by Carini and Lodi (1982), but not these by
Bottazzi et al., (1978) and Grazia et al., (1984) which have pointed out
that in natural whey cultures used in Ttaly for cheese manufacture many
strains of lactic acid bacteria with a very high sensitivity to lysozyme
are present. Teuber (1985) reported that 500 units of lysozyme did not
inhibit starter lactic acid bacteria.

It appears therefore that some selection of starter cultures may be
necessary for some cheese types.

STRENGTH OF LYSOZYME PREPARATIONS

Stadhouders et al. (1985) reported using the method of Shugar (1952) to

determine  the strength of two commercial preparations. The two
preparations tested had strengths of 19,000 u/mg and 20,000 u/mg.

By the method of Shugar one unit is that which will cause a decrease in
turbidity at 450 nm of 0.001/min at 25°C and pH 7.0 of a cell suspension of
Micrococcus lysodeikticus

HEAT RESISTANCE

A commercial organisation claims that its 1lysozyme product is heat
resistant to 90°C for 10 minutes without showing any noticeable loss of
strength. This property may be of value in non-sterilised process cheese.
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NETHERLANDS

A preliminary report (Stadhouders, de Vries, van den Berg and van der Veer
(1985)) has been prepared of full scale investigations in the Netherlands
of the use of lysozyme to prevent butyric fermentation in Gouda cheese made
from milk containing natural spore contamination. These experiments deal

in detail with the critical level of spores in relation to late blowing and

on the effects of ripening temperature and lysozyme level. In the meantime
it has been proven that cheese made from summer milk with the usual amount
of lysozyme 1is not always safe from butyric acid fermentation. From the
results obtained it appears that the usual amount of lysozyme added to
cheese milk (500 U/m1) can only prevent butyric acid fermentation in the
Gouda cheese made from it, if the number of spores of butyric acid
bacteria does not exceed 0.3 spores per ml of cheesemilk. Such a number
occurs mostly in the cheese milk produced during summer time. In most
European countries the number of spores in the milk produced in winter
amounts to at least a few spores/ml. Doubling the amount of the added
lysozyme was more effective, also in cheese made from milk with 13
spores/ml. In this case the costs of the treatment are then also doubled.
Moreover, recent findings indicate that also in those cases the gas hole
formation in the cheese was still somewhat too large. The addition of 6 g
of lysozyme/100 1 cheese milk did not inhibit the growth and acid
production of the mesophilic starter. Up till now, lysozyme is not legally
permitted. Stadhouders, Stegink and van den Berg (1986) consider why the
effectiveness of lysozyme is very limited against butyric acid fermentation
in Gouda cheese.

FRANCE

In France the use of Tysozyme in cheese factories has been temporarily
allowed since 1981 (Garnot (1985)). The authorisation was renewed in 1984.
At present the use of lysozyme is restricted to hard cooked cheese and hard
cheese (such as Saint Paulin) except the cheeses with an 'appelation
d'origine' e.g. Beaufort, Comte. The maximum quantity allowed is 30 mg per
litre of milk or a residual amount of 400 mg per kg of the final product.

It s estimated (Cretin-Maitenaz (1985)) that around 20 to 25 per cent of
the Emmental cheese made in France is produced using lysozyme addition.
Bactofugation is frequently given as a preliminary treatment in addition to
lysozyme addition. .

The Institut Technique du Gruyere (1986) has investigated the effect of
lysozyme in different French factories producing Emmental. Lysozyme was
added to cheesemilk at 25 mg per litre. If carefully selected strains of
Tactobacilli were used the effect of the added lysozyme on acidification
was very weak. A decrease of 99% in spore level was observed. The quality
of the finished cheese was improved:- plus 12.8% in Class A and minus
17.5% in Class D.

AUSTRALIA

Lysozyme is specifically approved for use by one cheese manufacturer on a 2
year trial basis due to expire in July 1986. Its use/need will be reviewed
in Autumn 1986. The maximum level of lysozyme permitted for use in the
milk for the manufacture of Swiss, Gouda and Edam cheeses should be such
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8. Characterization of lysozyme from turban shell, Batillus cornutus.
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2. The lysozyme influences also the lactic acid bacteria development, as
is demonstrated by a slower increase of the acidity in cheese whey.
Consequently, when lysozyme is employed, fast fermentation with gas
production is more possible in Grana cheese produced with raw milk of
poor microbiological quality and, particularly, in Provolone cheeses
also if produced with pasteurised milk. Often in Grana cheese the
fast blowing when lysozyme was employed is due to the development of
propionic acid bacteria.

Moreover, the natural whey culture, as traditionally used in Grana
cheesemaking, was sometimes unsatisfactory.

3. Under commercial conditions, the combination of lysozyme with other
means or agents (i.e. formaldehyde, bactofugation or other
technological improvements) give very good results. Particularly,
the combined anti-blowing effects of lysozyme and formaldehyde is
higher than either of the single treatments.

4, For the preparation of natural starter culture, it is necessary to
have cheese whey with a very low content of lysozyme.

5. For Provolone and other cheeses the available results are not
sufficiently clear to forecast the results of lysozyme use under
commercial conditions. However, Battistotti et al. (1986) have

pointed out that in Provolone cheese the blowing defects are only
seldom "late" blowing by butyric acid fermentation, instead the
blowing defect in this cheese often comes out in the beginning of the
ripening period and is caused by microorganisms against which
lysozyme is ineffective.

5.3 DENMARK

Danish experiments (Birkkjaer, Forsingdal, Braun, Madsen and Hansen (1982))
were concerned with use of the enzyme in the manufacture of Danbo,
described as a round-holed cheese. Lysozyme was added at 1-2 g/100 1 milk
and was found to be as effective as potassium nitrate added at 10 g/100 1
milk for preventing late blowing of Danbo cheese due to Clostridium
tyrobutyricum. Lysozyme had no adverse effects on cheese quality. A
combination of 1lysozyme with KNO, for control of Jlate blowing was
recommended. The use of lysozyme }n cheese production has been legally
permitted since early 1984. .

Workers at the Danish Government Research Institute, Hillerod, report
(Herlev-Jensen, 1986) that strains of Clostridium tyrobutyricum vary in
their ability to cause late blowing in Danbo cheese. The same strain may
on one occasion produce late blowing while on another it may not. A
satisfactory explanation for this variability is not yet available but it
& is thought that conditions during cheese maturation may have some
influence.
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5.2

In industrial-scale experiments in Germany (F.R.), Edam and Tilsit type
cheese were made in two cheese factories on a 2000 to 5000 1 basis. The
natural spore content of the milk was around 20 spores per ml. The
conclusion was reached that there were no significant differences between
lysozyme and nitrate cheeses except in regard to the nitrate content
itself. The sensory properties of the cheese were highly acceptable in
both instances and represented the usual quality standards of the factory.
The lysozyme cheese could be stored for another 6 to 9 months at 12-13°C

“ without blowing problems. Control cheese made without either lysozyme or
nitrate was blown after 5 weeks. Similar results were found with Tilsit
type cheese. In both cases the experiments were repeated successfully a

second time.

From the results obtained it appeared that lysozyme could be used as a
substitute for nitrate under the conditions described.

It is emphasised that the action of lysozyme could be aided by controlling
the cheese production and ripening conditions (pH value, Tow ripening
temperature, salt concentration).

In the next amendment of the Cheese Laws of Germany (F.R.) the use of
lysozyme will be permitted.

van den Berg and Stadhouders (1986) point out that there is a difference in
sensitivity between the various strains of Clostridium tyrobutyricum
present in the raw milk, when they do not grow in the presence of lysozyme.
This helps to explain the different results obtained in cheese experiments
carried out with inoculated milk in comparison to those wusing ‘'normally
contaminated' milk. )

ITALY

Extensive trials have been undertaken in Italy (Emaldi and Corradini,
1985,a) and in August, 1983 the use of lysozyme was legalised for a period
of three years in the manufacture of Grana Padano, Provolone, Montasio and
Asiago cheese at the maximum amount of 25 mg/1 of cheese milk and provided
that will not residue more than 300 ppm in the finished cheese.

In September 1986, this authorisation was renewed until 5th September, 1988
(Ministero della Sanita, 1986). ‘

At a meeting held in 1985 under the sponsorship of the Italian Ministries
of Agriculture and Forestry and Health the following conclusions were
reached (Corradini and Emaldi (1985 b)):-

1. The effectiveness of the lysozyme for the contro] of butyric
fermentations has been proved, but, under commercial conditions, it
is possible to have good results in the control of the late blowing
defect in Grana Padano cheesemaking only when the (1. tyrobutyricum
spores content is not too high (i.e. the effectiveness is normal when
the spores content is in the range of the hundreds per Titre of
cheesemilk).
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Biological control. Perfiliev and Gudkov (1982) reported that a
bacterial preparation - Bioantibut - consisting of a concentrate of
lactic acid bacteria exerted an antagonistic action on butyric acid
bacteria and when used by the cheesemaking industry in the USSR
resulted in the production of cheese with practically no defects
caused by butyric acid fermentation. Group B12 wish to have further
information on this measure and its ability to prevent late blowing
in various cheese varieties.

THE USE OF LYSOZYME TO CONTROL BUTYRIC ACID FERMENTATION T

Lysozyme (Muramidase) (IUPAC No. 3.2.1.17) is widely distributed in animals
and plants. It is present in milk and egg white where it amounts to 0.4 to
0.5 per cent. It was first described in 1922 by Fleming (1922).

Commercial preparations are prepared by the extraction of the enzyme from
egg white and may be 98-99 per cent pure lysozyme.

The potential of lysozyme to control butyric acid fermentation in cheese
was  reported by the Hungarian dairy scientist Pulay (1966) in a
contribution to the 17th International Dairy Congress. He was able to
demonstrate that late blowing was prevented by the addition of 0.1-2.0 per
cent fresh egg white or 0.001 per cent muramidase.

From the late seventies until the present there has been increasing
interest in the possibility of using lysozyme as a means of controlling
butyric acid fermentation. This interest has been at scientific,
technological and commercial levels in several countries.

FEDERAL REPUBLIC OF GERMANY

The results of laboratory and pilot experiments carried out in Germany
(F.R.) have been summarised by Teuber (1985) as follows:-

(a) Lysozyme (from hen egg white) is stable in cheese.
(b)  Around 80-90% of the lysozyme becomes bound to the cheese curd.

(c) 500 units of lysozyme per ml of cheesemilk are sufficient to inhibit
clostridia without inhibition of starter lactic acid bacteria.

(d) It is important to use crystalline lysozyme dissolved in water. The
use of egg white or egg powders leads to an uneven distribution in
milk and cheese and does not control late blowing.

{e) The lysozyme must be appliied on an activity basis, not a weight basis.

(f) The development of lysozyme-resistant spores was not observed even if
lysozyme resistant vegetative cells formed easily.

(g) There were no, or only minor, effects of lysozyme on cheese texture
' and flavour.
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Good husbandry and hygienic milking practices may lower the spore
level by a factor of 10 compared to unclean conditions, however, the
spore level may still be dangerously high from the cheesemaker's
viewpoint.  Many people in the USA beljeve that the problem of late
blowing has been successfully overcome through good sanitation
practices (Moskowitz, 1986). van den Berg and Stadhouders, (1986)
point out that it cannot be expected that al] good husbandry
practices and other measures at the farm together, will bring down
the contamination in practice to under 5-10 spores per litre. It is
necessary therefore for farm level measures to be complemented by
control measures at the factory.

At the Cheese Factory

Segregation of supplies. It is possible under certain conditions to
select and bulk the milks which are less likely to be contaminated
with clostridial spores for use in cheesemaking. This approach is

based on the use of the remainder of the milk for other purposes and
on the knowledge that silage feeding is not practiced by all farms.
This measure is not suitable for areas where silage is used by all
farms or where the milk supplies are going to large specialised
cheese factories.

Mechanical methods. Cheese milk can be purified by bactofugation and
research has shown that the equipment available to the dairy industry -
can reduce the spore level in contaminated milk only by about 90%
which may not in itself be sufficient to clean normally contaminated
milk and avoid the problem of butyric acid fermentation. This
technique may be at its limit when the level of contamination is from
2000-3000 spores per litre of milk. In " practice, bactofugation
reduces the spore Tlevel by 65 to 80% and it is very difficult to
reach 90% reductions (Institut Technique du Gruyere, 1986). van den
Berg and Stadhouders (1986) are of the opinion that even 1in the
summer , bactofugation by itself, cannot achieve the required
reduction in spore level.

A process, ‘cremage', employs special equipment for separating the
milk into two fractions - 70% of the milk which is not contaminated
with butyrics, and the remaining 30% of the milk which contains the
contaminants. The latter fraction is subjected -to bactofugation
before being recombined with the larger portion and used for
cheesemaking (Kerjean et al., 1985).

Use of Chemicals. Nitrate is an effective means of preventing
butyric acid fermentation in Gouda cheese. Small -amounts are
sufficient to  prevent this undesirable  fermentation. The
contribution of nitrate in cheese to the human daily intake of
nitrate is considered to be negligible. Also there is no indication
that nitrate in cheese induces the formation of N-nitrosocompounds.
Nevertheless some countries require the presence of low amounts of
nitrate in cheese when imported.

For many years, Italian law has permitted the use of formaldehyde, at
aporoximately 25 ppm, to prevent late blowing of Grana Padano and
Provolone cheese.
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3.2 Contamination of milk supplies. Studies 1in the Netherlands
(Stadhouders, Hup, Nieuwenhof, 1985) indicated that in summer the
‘contamination is higher than the critical level of 5-10 spores per
litre for Dutch cheese. In the Netherlands the contamination in
summer amounts to 200-1000 spores per litre and in winter to 2,000-
20,000 per Titre.

Grass and maize silages are common feeds for milk cows in many
countries. The feeding of silage is recognised as a major source of
contamination of raw milk with the pasteurisation-resistant spores of
Clostridium tyrobutyricum.

In Italy in the Po valley in the areas in which feeding of silage is
practised, the milk contamination amounts to 1000-6000 spores per
litre in winter and in summer to 300-1500 per 1litre. (Botazzi et
al., 1982). T

The most likely source of contamination is faecal material containing
such spores. There s a clear correlation between the numbers of
spores in silage, cow dung and raw milk.

There is general agreement on the explanation for the abnormal
presence of clostridial spores 1in milk and on the process of
contamination:~ the spores originate in soil which contains between
500 and 87,000/g of dry matter.

It has been established that hay contains few clostridial spores
while maize silage - especially that made from the whole plant, and
grass silage, frequently contain dangerously high numbers of spores
which lead to dung being produced which if allowed to contaminate the
milk is Tikely to lead to late blowing of cheese.

4.  TRADITIONAL CONTROL MEASURES TO REDUCE THE CHANCES OF BUTYRIC ACID
FERMENTATION

4.1 At the Farm. In the Netherlands the spore level is taken into account
in the payments made to farmers for milk (van den‘ Berg and
Stadhouders, 1986).

In certain countries e.g. Switzerland, the Bavarian Alps in Germany
(F.R.) and parts of France the prohibition of silage feeding results
in milk and cheese which have low numbers of anaerobic lactate-
fermenting clostridia.

However the feeding of silage is practised on very many dairy farms

throughout the world and the quality of the silage from the point of

view of the extent of the presence of clostridial spores depends on

many factors e.g. materials used - whether grass or maize, method of

production e.g. chemical conservation. A procedure based on the use

of formic acid and fermentable carbohydrates has been used in Finland

and has been shown to give a silage low in anaerobic spore formers

(Teuber, 1985). Where mixing of the fermentation aids with the grass
is incorrect the spore level will frequently exceed 1 per ml (van den

Berg and Stadhouders, 1986).
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THE USE OF LYSOZYME IN THE PREVENTION
OF LATE BLOWING IN CHEESE

1. THE DEFECT

The fault in cheese known as 'late blowing' which is typified by abnormal
levels of open texture and accompanying unattractive odours and flavours
may be a serious problem in several important varieties of semi-hard and
hard cheese including Gouda, Emmental, Grana Padano, Provolone, Danbo and
other brine-salted types.

2.  THE CAUSE

The cause of ‘'late blowing' in cheese is the butyric acid fermentation
brought about by the germination and growth of clostridial spores,
especially those of Clostridium tyrobutyricum, present in the cheese milk.
As a result of the butyric fermentation in the cheese, considerable amounts
of carbon dioxide and hydrogen are formed and result in blowing of the
cheese. At the same time, organic volatile acids are formed during the
fermentation and affect the flavour and taste of the cheese.

3. THE SOURCE OF THE CAUSAL ORGANISMS

3.1 Critical numbers of clostridial spores to cause butyric  acid
fermentation. It has been estabTished that the critical numbers of
clostridial spores to cause butyric acid fermentation in 12 kg Gouda
cheese are from 5 to 10 per litre (van den Berg et al., 1980). In
Dutch investigations an important point with respect to the critical
number of spores is the criterion that the presence of somewhat
enlarged holes in the cheese of a type like Gouda is a sign of a
defective cheese and the result of butyric acid fermentation (van den
Berg and Stadhouders, 1986).

Corradini (1986) is of the opinion that 5-10 clostridial spores per
litre is too 1low a level of contamination to cause butyric acid
fermentation in Grana cheese. )

In the most common German semi-hard cheese of the Gouda, Edam and
Tilsit types the presence of about 200 spores per litre of cheesemilk
are sufficient to cause late blowing (Teuber, 1985). During the
silage feeding season, this level of spores is frequently exceeded in
cheese factories in North Germany.

The critical number of spores to bring about butyric acid
fermentation which will result in cheese defects probably varies with
the type, since between the different brine-salted semi-hard and hard
cheeses there are large differences in shape and size of the cheese,
pH value, ripening time, ripening temperature and in structure
including normal eye formation (van den Berg and Stadhouders, 1986).
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As the vessel that is designed for the embryogenesis
of a bird or reprile, it is not surprising that an egg
contains numerous antimicrobial proteins. By far the
most widely studied of these is the small, bur sig-
nificant, lytic enzyme known as lysozyme. This
enzyme has the ability to lyse specific bacteria. It is
used in several food and pharmaceutical products.
Three other egg proteins (avidin, ovotransferrin and
yolk immunoglobulins) have antimicrobial properties
of particular interest for application in foods and
pharmaceuticals.

Occurrence

Lysozyme was first identified in 1921 in human nasal
secrerion by Alexander Fleming, who would later
discover penicillin. Lysozyme has since been isolated
from human tears, saliva and mother’s milk, as well as
viruses, bacteria, phage, plants, insects, birds, reptiles
and other mammalian fluids. Commercially, the most
readily available source of lysozyme is the egg white
of the domestic chicken (Gallus gallus). Lysozyme is
probably the most intensively studied of all proteins.

Lysozyme is not, however, the only antimicrobial
protein in avian eggs. Table 1 lists some of the proteins
present in avian egg white. Most research to date has
focused on the proteins of egg whirte, perhaps because
they can readily be separated by ion-exchange
chromatography.

Most yolk proteins, on the other hand, tend to be
less water soluble, and because of their close asso-
ciation with lipids, they are somewhat less easily
extracted and purified on a large scale. Nevertheless,
there are antimicrobial proteins present in the yolk,
including immunoglobulins (IgY - the chicken equiva-
lent of IgG) and trace amounts of a biotin-binding
protein. It has been proposed that antimicrobials in,
yolk work primarily to provide the developing chick
with passive protection, as is the case with the
immunoglobulins.

The four egg proteins that appear ar present to have
the greatest potential as natural antimicrobials in food
and pharmaceutical applications are lysozyme, avidin,
ovotransferrin and IgY. The remainder of this article
focuses on the properties and applications of these
particular egg proteins.

Table 1 Some of the major proteins in egg white and their antimicrobial functions

Protein Solids (%) Antimicrobial function -
Ovalbumin 54 Unknown

Ovotransferrin 12 Binds muiltivalent cations, particularly iron

Ovomucoid 11 Inhibits trypsin and other proteases, antimicrobial properties
Ovoinhibitor 15 Inhibits trypsin, chymotrypsin and other proteases
Ovomucin 3.5 Increases viscosity of €gg white preventing bacterial movement
Lysozyme 3.4 Lyses peptidoglycan layer of some Gram-positive organisms
Ovoftavoprotein 0.8 Binds riboflavin (vitamin B,)

Ovomacroglobulin 0.5 Protease inhibitor

Ficin inhibitor (cystatin) 0.05 Inhibits cysteine proteases

Avidin 0.05 Binds avidin, making it unavailable to organisms

Data from: lbrahim HR (1997) Insights into the structure—function relationships of ovalbumin, ovotransferrin, and lysozyme. pp. 37—
58. In: Hen Eggs Their Basic and Applied Science. (1997) Yamamoto T, Juneja LR, Hatta H and Kim M (eds) Boca Raton, Florida:
CRC Press. Li-Chan ECY, Powrie N and Nakai S (1995) The chemistry of €ggs and egg products. in: Stadeiman WJ and Cotterill
QJ (eds) Egg Science and Technolagy. Pp. 105-175. New York: Food Products Press. .



AR

BACTERICIDAL ACTIVITIES OF LYSOZYME AND APROTININ 187

J.L. & Scort, R.W. (1989) Purification and characrer- complement and lysozyme system. Journal of Bacteriology 96,

ization of human neutrophil peptide 4, a novel member of the 1339-1348. I
defensin family. Journal of Bislegical Chemistry 264, 11200- ZurNov, O.P., OvcHANZENKO, A.G. & BUKRINSKAYA, 'r
11203. A.G. (1982) Protective effect of proteinase inhibitors in influ- ':
WiLsoN, L.A. & SpitznaGger, J.K. (1968) Molecular and enza virus infected animals. Archives of Virology 73, 263-272. ]

structural damage of Escherichia coli produced by antibody, i} ]

TR




NATURAL ANTIMICROBIAL SYSTEMS/Lysozyme and Other Proteins in Eggs 1583
T T
[*] o
Q Q
&} (&)
i
Fc fragment
Papain
cleavage
s—s // s—s
Antigen binding
site
Fa
fragment

Figure 1 Three-dimensional structure of chicken lysozyme.
The active site is highlighted by shading. (Courtesy of Canadian
Inovatech Inc., Abbotsford, British Columbia, Canada.)

Structure

It is now recognized that lysozymes from diverse
sources fall into several structural classes, with the
three most common being type c (chicken), type g
(goose) and type v (viral). Chicken lysozyme is com-
posed of 129 amino acid residues with a molecular
weight of approximately 14 000.

Figure 1 shows the three-dimensional structure of
chicken lysozyme. Lysozyme is used extensively as a
model enzyme, partly because it contains all of the
twenty common amino acids. An o-helix links two
domains of the molecule; one is mainly B-sheet in
structure, and the other primarily o-helical. The
hydrophobic groups are mainly oriented inward, with
most of the hydrophilic residues on the exterior of the
molecule.

It is proposed that the enzymartic action of the
molecule is dependent on its ability to change the
relative position of its two domains by hinge bending.
Essentially, the small a-helical connection, or hinge,
between the domains can bend sufficiently to cause
large conformational changes in the molecule. This
permirts the enzyme to engage its substrare.

Figure 2 Schematic diagram of a typical immunoglobulin mol-
ecule. S-S represents disulphide bonds. F, is the antigen binding
portion of the molecule. F. is the heavy chain portion of the
molecule.

Avidin is a glycoprotein composed of four identical
subunits, each with 128 amino acid residues. The
molecular weight of the entire molecule is around
67 000. A disulphide bridge links residues four and
83. There are four tryptophan residues per subunit.

Ovortransferrin, also known as conalbumin, is a
glycoprotein with a molecular weight of 78000. It
contains two lobes connected by an a-helix. Each lobe
is homologous, and can bind an Fe** ion. The iron-
binding site in each lobe is situated between two
subdomains. The presence of bicarbonate ion
enhances the binding of iron to the molecule.

IgY is similar in structure to mammalian IgG, but
with a higher molecular weight (170 000). Figure 2
shows a schematic representation of the basic struc-
ture, with two heavy chains and two light chains, all
connected by disulphide linkages, as indicated. The
antigeiiic site is found in the F,, fragment, which can
be cleaved from the molecule by means of papain
hydrolysis.

Properties

Lysozyme has an extremely high isoelectric point (>
10) and consequently is highly cationic at neutral or
acid pH. In solution, lysozyme is relatively stable at
pH 3-4 and can withstand near boiling temperatures
for a few minutes. As the pH increases, however, its
stability decreases. At pH 5.5-6.5 (the pH of many
dairy products), lysozyme is stable up to about 65°C.
Beyond this point, denaturation accelerates rapidly
with temperature. Thus, many precooked food
products, in which temperatures of 69-75°C are
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their catalytic and proteinase-inhibiting activities respec-
tively, still retained the bactericidal properties. Non-
enzymatic killing of two oral streptococci by denaturated
human placental lysozyme has been shown by others
(Laible & Germain 1933). To our knowledge, however, the
same effect with respect to Gram-negative bacteria has not
been reported previously. Similarly, the bactericidal
properties of the cathepsin G of human neutrophil granules
remained unaltered after destruction of its catalytic activity
by heating to 90°C (Odeberg & Ohlsson 1975). The anti-
bacterial activity of cationic proteins may be an important
factor of non-specific immunity. It has been srudied pri-
marily with respect to cationic proteins of neutrophil gran-
ules (Gennaro et al. 1983; Spitznagel 1984; Ganz et al.
1985). Aprotinin and lysozyme are also closely related to
host defence affecting Gram-negative and Gram-positive
bacteria. There were major differences, however, in the
species affected. Lysozyme, for example, did not attack
Staph. aureus either by muramidase activity or by basic
protein mechanism. Lack of cell wall lysis of Staph. aureus
by lysozyme has been observed previously (Salton & Pavlik
1960). On the other hand, Odeberg & Ohlsson (1973)
reported that cathepsin G preferentially kills Staph. aureus.

In contrast to previous results (Respaske 1958; Feingold
et al. 1968; Wilson & Spitznagel 1968 ; Davis er al. 1980),
the present study showed that chicken egg white lysozyme
inhibited bacterial growth of Gram-negative bacteria
without pre-treatment with complement or EDTA.

The cationic property may only be but one important
factor for antibacterial activity. The cationic proteinase
inhibitors, which we have previously isolated from equine
granules (Pellegrini et al. 1988), were not bactericidal
against the bacterial strains used in this work. Lysine-rich
histones were reported to be only slightdy bactericidal
(Odeberg & Ohlsson 1975), whereas poly-p-lysine and
polyarginine had pronounced bacterial killing activity
(Laible & German 1985) (the fact that synthetic basic poly-
peptides were also bactericidal does not per se diminish the
biological significance of the natural compounds). Hydro-
phobic interactions were also suggested as possible mecha-
nisms of human defensins (Wilde et a/. 1989). The HNP-4
defensin, which was 100 times more active against E. coli
than the other defensins, was also more hydrophobic as

judged by its retarded elution from reversed phase chroma-
tography.

We observed an analogous situation, since lysozyme,
which was at least 20 times more bactericidal than aprotin-
in, was eluted at a higher acctonitril concentration than
aprotinin in reversed phase chromatography.

It cannot be excluded thar additional unknown structural
requirements may be necessary for optimal complemen-
tarity between cationic proteins and receptors in various
bacterial strains. Incubation of E. coli with aprotinin or
lysozyme led to similar ultrastructural alterations: swelling
of the bacterial body and disintegration of cytoplasm.
These alterations may have occurred secondary to changes
in bacterial wall permeability (Odeberg & Ohlsson 1976).
The bacterial wall itself did not disintegrate which was also
found in freeze-fracture replicas of E. coli incubated with
cationic antibacterial proteins of leucocytes (van Houte et
al. 1977). Thus the effect of lysozyme on £. coli could not
be primarily related to its muramidase activity. Immuno-
labelling revealed that both aprotinin and lysozyme were
predominantly present within the affected cytoplasm. How
cationic proteins gained access to cytoplasm is not under-
stood. Since aggregated and denaturated aprotinin and
lysozyme were also detected intracellularly, one might spe-
culate that both proteins were partially degraded by bac-
terial enzymes without affecting antigenic determinants and
functional sites for destruction of bacterial components but
enabling them to penetrate the bacterial wall. The basic
protein mechanism adds to our understanding of the anti-
bacterial activity and of the biological meaning of lysozyme
which is widely distributed in higher vertebrates (Jollés &
Jolles 1984). It seems likely that a synergism may exist
berween the basic protein mechanism and the muramidase
activity of lysozyme besides its pure catalytical ability.
Aprotinin is one of the most intensely studied proteins con-
cerning its structure and pharmacological use as a protein-
ase inhibitor (Fritz & Wunderer 1983). The knowledge of
its biological function, however, is scarce. Aprotinin was
recently found to occur also in ciliar bronchial epithelial
cells and in alveolar cells, in addition to mast cells
(Businaro er al. 1988). Distribution of aprotinin, its anti-
viral activity assigned to its proteinase inhibition (Zhirnov
et al. 1982) and its antibacterial activity suggest that the

Fig. 1 Control experiment. Untreated Escherichia coli incubated with polytlonal rabbit antilysozyme followed by gold-coupled goat
anti-rabbit antibodies, Shrinkage of both cytoplasm and cell wall was due to the fixation procedure. Fig. 2 Escherichia coli exposed to
lysozyme for 20 min followed by incubation with rabbit antilysozyme and gold-coupled goat anti-rabbit antibodies. Affected bacteria are
swollen and the remaining condensed cytoplasm is labelled by colloidal gold particles. Fig. 3 Escherichia coli exposed to aprotinia for 1 h.
The condensed cytoplasm which contains vacuole-like structures is labelled by gold particles after incubation with rabbit antiaprotinin and
gold-coupled goat anti-rabbit antibodies. Fig. 4 Escherichia coli exposed to DTT-denaturated lysozyme. The markedly swollen bacterium

contains residues of slightly condensed cytoplasm which are labelled b

Bars, 0-5 um

y gold particles after treatment with antisera as described in Fig. 2.

[T ——
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tvpically reached during processing, the enzyme may
be partially or completely denatured.

Avidin is unique in that its complex with biotin
results in an association coefficient (K,) of about 10",
the strongest such biological association known that
does not involve covalent bonding. Avidin is inacti-
vated at 85°C, but the avidin—biotin complex can
withstand temperatures greater than 100°C for a brief
period.

Ovotransferrin has an isoelectric point of 6.1. Each
molecule is capable of binding two atoms of iron.
Ovotransferrin will also bind aluminium and copper
ions, with the order of strongest to weakest binding
being Fe** > Al*** > Ca*.

IgY represents a heterogeneous population of mol-
ecules composed of several antibody subclasses, with
an isoelectric point ranging from 5.0 to near neu-
trality. Yolk antibodies are more stable in the neutral
pH range up to about 60°C, or above pH 4 up to 40°C.
Below pH4 or above 65°C, the antibody activity is
greatly diminished.

Mode of Action

The primary mechanism by which lysozymes lyse
microorganisms is by cleaving the bonds between C-
4 of N-acetylglucosamine and the C-1 of N-acetyl-
muramic acid, the two repeating units of the pep-
tidoglycan layer. It is fairly active against organisms
with a relatively accessible peptidoglycan layer (some
Gram-positive organisms), but against organisms
where this layer is not as accessible (for example,
Gram-negative organisms), the enzyme is not able to
access its substrate and usually shows little or no
antimicrobial effect. Compounds which help to
destabilize the outer membrane-of Gram-negative
organisms (e.g. ethylenediaminetetra-acetate (EDTA))
appear to permit lysozyme to act on some of these
otherwise unassailable targets. The lysing action of
lysozyme can be quite dramatic when viewed by elec-
tron microscopy (Fig. 3).

The antimicrobial properties of lysozyme are not
only limited to its enzymatic action. It is also believed
that by adhering to the exterior surface of some micro-
organisms (especially fungi), it can interfere with cell
function and hinder growth and replication. Lyso-
zyme also appears to cause agglutination of bacteria.

The antimicrobial effect of avidin is attributed to
its ability ro bind strongly with biotin. By depriving
microorganisms of this essential nutrient, it has a
bacteriostatic effect on biotin-reliant organisms.

For many years, the literature has described a bac-
teriostatic effect of ovotransferrin. This is attributed
to the ability of ovotransferrin to bind iron, and
thereby deprive iron-dependent organisms of an

-

Figure 3 (A) Electron micrograph of L. curvatus grown in pork
juice extract. (B) Electron micrograph of L. curvatus treated with
500 p.p.m. lysozyme. (Courtesy of Canadian Inovatech Inc.,
Abbotsford, British Columbia, Canada, and Dr. Frances Nattress,
Agriculture & Agri-Food Canada, Lacombe Research Centre,
Lacombe, Alberta, Canada.)

essential element. Recent studies have shown that
there is also an antimicrobial effect that is relatively
independent of the degree of iron saturation of the
molecule. It is now believed that a peptide sequence
embedded within the primary structure may, in fact,
cause direct disruption of cell surfaces. This is based
on knowledge of similarities in structure berween ovo-
transferrin and lactoferrin, a milk transferrin con-
taining a bactericidal peptide Sequence known as
lactoferricin. Recent research has identified a 92
residue sequence in the N-lobe portion of ovo-
transferrin that displays antimicrobial effect against
Staphylococcus aureus and Escherichia coli K-12.
Three disulphide bridges within this sequence con-
tribute to a tertiary structure that is needed for the
antimicrobial action.

IgY inhibits bacterial growth through a typical anti-
body precipitin reaction in which the antibodies coat
the outer surface of target organisms and cross-link
the cells into an insoluble mass. The optimal pH range
for this effect is from pH S to 9.
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biological meaning of aprotinin may be seen as a defence
molecule.
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Importance in Avian Eggs

Egg-white proteins protect the egg from invasion by
foreign organisms by both physical and chemical
defences. By forming a viscous layer between the shell
and ‘the yolk, egg white impedes the movement of
organisms. Within the egg white, there is a network of
fibres believed to be the result of interaction between
lysozyme and ovomucin.

The chemistry of the defence in egg white is clearly
linked to the antimicrobial proteins discussed earlier.
The bactericidal effect of lysozyme is significant, but
many organisms that gain access to the interior of
avian eggs are Gram negative and therefore unlikely
to be susceptible to the lytic action of lysozyme alone.
At the basic pH of raw egg white (pH>9), the iron
sequestering ability of ovotransferrin is enhanced and
it is also considered to be a major impediment to the
growth of many organisms. The proteins presented in
Table 1 present a relatively hostile environment to
invading microorganisms by making biotin, riboflavin
and iron relatively unavailable, inhibiting bacterial
proteases and binding bacterial cells together through
electrostatic interactions.

13

Importance in Food and Pharmaceutical
Applications

Lysozyme has been used in pharmaceutical and food
applications for many years, due to its lytic activity
on the cell wall of Gram-positive microorganisms.
These organisms are responsible for infections of the
human body and for the spoilage of various foods.

Pharmaceutical Applications of Lysozyme

Hen egg white lysozyme is used in ‘over-the-counter’
drugs in order to increase the natural defences of
the body against bacterial infections. Since lysozyme
forms part of the human immune system, it has
been proposed that supplementation with chicken
lysozyme may have benefits. The pharmaceutical
use encompasses applications such as otorhino-
laryngology (lozenges for the treatment of sore throats
and canker sores) and ophthalmology (eye drops and
solutions for disinfecting contact lenses). Lysozyme is
also added to infant formulae to make them more
closely resemble human milk (cow’s milk contains
very low levels of lysozyme).

A recent publication has renewed interest in the
antiviral properties of lysozyme by demonstrating
anti-HIV activity of both human and chicken lyso-
zyme in vitro. It is possible that these findings may
lead to new means of treatment of this infection.

Food Applications of Lysozyme

Much research has been done on the use of lvsozyme
as a preservative in food products, particularly in the
Far East and Japan. Several applications have been
described and patented, including the treatment of
fresh fruits, vegetables, seafood, meat, tofu, sake and
wine.

The most important food application of lysozyme
is the prevention of the problem known as ‘butyric
late blowing’, which occurs during the ripening of
certain European-type cheeses. This problem is due
to contamination of milk by spores of Clostridium
tyrobutyricum. The origin of this contamination lies
in the widespread use of silage as a feed. The spores
of C. tyrobutyricum are present in the soil and incorp-
orated, together with soil particles, into the corn or
hay used to make silage. The spores will proliferate
in the silage if a rapid acidification does not take
place. When the cows are fed the contaminated silage,
the spores are excreted into the manure and, if the
milking is not carried out under very strict hygienic
conditions (thorough washing of the udder; elim-
ination of the first drops of milk), the spores can
subsequently contaminate the milk. It has been dem-
onstrated that a very small amount of manure (less
than one gram) is enough to contaminate a tank
containing several thousand gallons of milk.

If cheese is made with milk contaminated with
spores of Clostridium tyrobutyricum, the majority of
the spores are retained in the curd. Here, the con-
ditions (absence of oxygen and presence of large
amounts of lactic acid) are favourable for the ger-
mination and for the development of vegetative forms
during the ripening of the cheese. Lactic acid can be
metabolized as the primary source of carbon by C.
tyrobutyricum to produce butyric acid and a com-
bination of two gases: hydrogen and carbon dioxide.
The accumulation of butyric acid is responsible for
organoleptic defects in the cheese due to the char-
acteristic off-flavour caused by this short-chain fatty
acid. The production of large volumes of hydrogen
(totally insoluble in the water phase of the cheese
curd), and of carbon dioxide (partly soluble), leads to
an increase in the internal pressure of the cheese and,
subsequently, to the formation of slits and cracks in
the cheese during the ripening process. This has a
dramatic and detrimental impact on the quality of the
cheese and, consequently, on its commercial value.
Cheese with a late blowing problem usually has to be
downgraded or, in severe cases, cannot be sold at all.

Before the use of lysozyme, cheese makers devel-
oped a number of techniques to try to prevent butyric
late blowing. There are two commonly implemented
techniques: a physical process to eliminate the spores
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by centrifugation (known as ‘bactofugation’); and the
use of chemical inhibitors of C. tyrobutyricum, such
as nitrates. Neither method can guarantee a complete
solution to the problem.

Research begun in the late 1960s and 1970s, fol-
lowed by cheese trials carried out in Europe in the
early 1980s, has demonstrated the efficacy of lyso-
zyme to prevent late blowing in different types of
cheese. The principle of lysozyme action is based on
its capacity to be retained in the cheese curd, through
electrostatic attraction with the casein, and on the
stability of its enzymatic activity throughout the rip-
ening process. Lysozyme is active on the vegetative
cells of C. tyrobutyricum, which appear during the
ripening process. The usage level is usually 25 p.p.m.
in the cheese milk. At this concentration, most of
the lactic cultures used in the production of cheese,
although Gram-positive bacteria, are not sensitive to
the lytic action of lysozyme.

Lysozyme has been approved by the European
Union, and has now been used with success for more
than 15 years in several European countries (e.g.
France, Italy, Spain, Portugal, Germany, Denmark,
The Netherlands). Its use has also been successful in
different types of cheeses, such as the hard cheeses
(Parmesan, Swiss), the semihard cheeses (Gouda,
Manchego), and the soft cheeses (Brie). Lysozyme
recently received GRAS (Generally Recognized as
Safe) status from the Food and Drug Administration
of the United States, and is raising a lot of interest in
North America for its application in speciality cheeses.

Because lysozyme is mainly effective against Gram-
positive bacteria, recent research has focused on syn-
ergistic combinations of lysozyme and other anti-
microbial compounds. These combinations often
target the Gram-negative organisms against which
lysozyme is relatively ineffective alone.

Applications of Avidin

Avidin, in conjunction with biotin, is used in a number
of diagnostic and analytical applications, including
biotinylated probes for a number of quantitative
detection methods, affinity chromatography columns,
immunoassays, immunohistochemistry and protein
blotting.

Applications of Ovotransferrin

Although patents from the 1970s promoted ovo-
transferrin as a potential inhibitor of mildew in such
Asian dishes as noodles, wonton and fried bean curd,
it has not been used extensively for its antimicrobial
properties in food applications. More recent patent
applications propose the use of ovotransferrin to treat
human immunodeficiency virus and to prevent
periodontal disease. In Japan, immobilized ovo-

transferrin has been used to remove iron from drin-
king water, as well as water for brewing. Also, a
company in the Netherlands has recently filed a patent
for a nutraceutical drink containing ovotransferrin.

Applications of IgY

A number of recent patents have been issued for the
use of IgY (often in the form of a crude extract or
even administered directly with the egg yolk). Many
include prophylactic or therapeutic use involving
passive protection of fish, mammals or humans
against pathogenic organisms or viruses. One inter-
esting application involves the use of IgY to target
food enzymes that cause deterioration of foods
through discoloration, generating off-flavours or
odours, or altering important physical properties.
The ability of domestic hens to generate antibodies
to a large number of important antigens is likely to
lead to the continued growth of applications for IgY.

See also: Bacillus: Bacillus cereus. Cheese: Micro-
biology of Cheese-making and Maturation; Microflora of
White-brined Cheeses. Clostridium: Clostridium tyro-
butyricurn. Eggs: Microbiology of Egg Products. Listeria:
Listeria monocytogenes. Staphylococcus: Staphylo-
coccus aureus. Starter Cultures: Cultures Employed in
Cheese-making.
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and, after immunization of a rabbit, a monospecific anti-
serum to lysozyme was obtained. All the antibacterial assays
were carried outr wirth lyvsozyme purified by reversed phase
chromatography.

Antibacterial activity of chicken egg white lysozyme
and aprotinin

The bactericidal effects of lysozyme and aprotinin on
several Gram-positive and Gram-negative bacteria are
shown in Table 1. Lysozyme was, on a molar basis, at least
20 times more bactericidal than aprotinin. The bacteriolytic
activity of lysozyme towards the same bacteria was also
investigated. Bacteriolytic activity was observed only with
B. subtilis and Staph. lentus. Denaturated precipitates of
lysozyme and aprotinin produced by reduction and reoxida-
tion at random of the native compounds with dithiothreitol,
contained less than 0-2% muramidase and no detectable
proteinase-inhibiting activity, respectively, under identical
conditions used for the bactericidal assays. Both precipi-
tated compounds, however, retained a significant anti-
bacterial activity as assayed with E. coli under the same
conditions as described in Table 1. Lysozyme, 12:5 pg per
assay, yielded a lg No/N, value of 0-43 and 100 pg aprotinin
per assay a lg No/N, value of 1-0. A quantitative compari-
son of the inhibitory activity, however, is only of limited
value because of the different state of aggregation of the
native and denaturated compounds.

Electron microscopy

The fixation procedure employed to enhance preservation
of antigenicity led to shrinkage of the cell envelope and, in
some bacteria, to marked shrinkage of the entire cytoplasm
(Fig. 1). Exposure to lysozyme led to swelling of the bac-
teria. The cytoplasm often appeared to be condensed at the

periphery or at one polc or it consisted of only some irregu-
larly shaped little patches (Fig. 2). A clearly visible cell
envelope surrounded slightly swollen bacterta whereas in
severely swollen bacteria the envelope was distinct only in
small areas. The parches and the tondensed parts of the
cvtoplasm were labelled by colloidal gold after incubation
of bacteria with antiserum to lysozyme as primary antibody
and with gold-coupled goat anti-rabbit serum as secondary
antibody (Fig. 2). The morphological changes were time
dependent. Suspensions exposed to lysozyme for only 10
min contained only a few cells with swollen cytoplasm
whereas after 20 min most of the bacteria were swollen and
were twice the size of unaffected cells. Preparations exposed
to lysozyme for 1 h contained mainly bacterial ghosts.

Aprotinin had a similar effect on E. coli as lysozyme; the
time required, however, was much longer. After an incu-
bation period of 1 h, most bacteria still had a condensed
cytoplasm but aprotinin could be detected intracellularly
(Fig. 3). After exposure for 2 h mainly swollen bacteria and
ghosts were observed. Precipitated and resuspended
lysozyme devoid of muramidase activity had the same effect
as the native compound and was also localized in the cyto-
plasm (Fig. 4). The same was true for aprotinin.

DISCUSSION -
¥

Our results show that aprotinin, a proteinase inhibitor, and
chicken egg white lysozyme are capable of killing some
Gram-negarive and Gram-positive bacteria in vitro. The
diverse biological and pharmacological functions of the two
cationic proteins suggest that their similar bactericidal
properties depend on a basic protein mechanism related to
their identical IEP of 10-5. Denaturation and precipitation
of the two proteins with DTT, reducing intramolecular
bonds which subsequently reoxidize randomly, confirm this
idea. :

The denaturated and precipitated compounds devoid of

Table 1 Antibacterial activity of aprotinin and chicken egg white lysozyme

Activity™

125 ug lysozyme/assay

100 pg aprotinin/assay
(8:3 x 107 !° mol/assay)

Bacteria Strain or type (1-3 x 1078 mol/assay)
Bacilius subtilis BGA 38 38
Escherichia colt ATCC 23922 2-0 1-6
Klebsiella pneumoniue ATCC 13883 0-7 2:0
Bordetella bronchiseptica ATB 32 GN(V 1']) 0-8 1-7
Serratia marcescens ATCC 8100 0-0 16
Staphylococcus lentus API Suph (V 2:0) 07 37
aureus ATCC 25923 0-0 0-0
epidermidis ATCC 12228 02 0-2

* Antibacterial activity is shown as lg No/N, where N refers to the control number of colonies without antibacterial material and N, refers
to the number of colonies containing antibacterial agent after 2 h incubation (Lehrer e al. 1983).
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Introduction

In general, milk is kept on farms for about 2-3 days
before being transported to dairy plants, despite the
fact that the storage of raw milk for several days at
refrigeration temperatures diminishes the quality of
dairy products. This deterioration is due to extra-
cellular enzymes synthesized by psychrotrophic bac-
teria, and a reduction in the shelf life of the products
is often observed. Some countries have insufficient
cold storage systems for handling milk, leading to the
excessive multiplication of bacteria and increases in
the acidity of raw milk far beyond the level acceptable
for processing. Chemical preservatives, such as H,0,
and sodium carbonate, are commonly used in many
developing countries with inadequate refrigeration
systems to maintain the acidity of milk at low levels,
but their undesirable effects on human health are
well known. The process of activating the natural
antimicrobial systems in milk has been introduced
into the dairy industry as an alternative way of pre-
serving milk.

Natural Antimicrobial Systems

The specific immune system in mammals is suppressed
during the period following birth, possibly for pro-
tection against hypersensitivity and allergic reactions.
During this period, the animal’s defence system is
supported by nonspecific factors in milk.

A great deal of research has been carried out into
the antimicrobial factors in milk, and three proteins
have been found to be of particular importance: lacto-
peroxidase (LP), lactoferrin (LF) and lysozyme. There
is a similarity between these proteins and leucocytes
in terms of their antimicrobial effects. In most cases,
the enzymes activate the natural antimicrobial system,
resulting in a fatal effect on the target microorganisms.
The most important characteristic of natural anti-
microbial systems is the simultaneous attack on the
oxidative and lytic mechanisms of the microorganism.

peroxidase, hydrogen peroxide (H.O:) and thio-
cvanate ions (SCN7).

Components

Lactoperoxidase Lacroperoxidase (EC 1.11.1.7,
donor H;O: oxidoreductase) is one of the most abun-
dant enzymes in bovine milk, constituting about 1%
of whey proteins. Oxygen metabolism leads to toxic
end products, such as oxygen free radicals and H,O,,
in both prokaryotic and eukaryotic cells unless they
are protected by enzymes such as superoxide dis-
mutase, catalase and peroxidases. The primary func-
tion of superoxide dismutase is to convert superoxide
radicals to H,O;: The H,O, is then reduced to H,O
and O; by either catalase or peroxidase, the latrer
involving a variety of electron donors.

The oxidation of molecules by peroxidases leads to

‘the formation of H.0,. As early as 1924, it was

observed that freshly drawn milk was bactericidal to
certain strains; this effect was ascribed to the presence
of oxidizing enzymes. A few years later, the involve-
ment of H,O, and SCN- in the antimicrobial prop-
erties of milk was demonstrated. Lactoperoxidase has
been found in the milk of all species tested, and in
many other types of secretion, e.g. saliva, tears, nasal
fluid, uterine luminal fluid and vaginal secretions.
Bovine milk contains high levels of LP, which can
show activity even at very low concentrations.

Lacroperoxidase is a basic protein with one Fe**-con-
taining haem group. The amino acid sequence of
bovine LP was elucidated in the early 1990s. The
molecule consists of 612 amino acid residues con-
stituting a single peptide chain. The haem group is
bound to the single peptide chain by a disulphide bond,
but LP does not contain free thiol (-SH) groups. The
complementary DNA (cDNA) sequences of bovine and
human LP show that they are closely related. The pre-
dicted molecular weight of bovine LP is 77 500, and its
isoelectric point (pl) is 9.8 (Table 1).

Some structural similarities berween bovine LP,
cytochrome ¢ peroxidase and horseradish peroxidase
have been demonstrated, using nuclear magnetic res-
onance (NMR). Similar arginine and histidine resi-
dues have also been found in these enzymes. Few
meral ions are present in bovine LP ar significant

Table 1 Specifications of lactoperoxidase and lactoferrin
Properties Lactoperoxidase Lactoferrin
Molecular weight 77 500 78500
Isoelectric point (pl) 9.8 9.5

pH range 4-7 4-8
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incubated with polyclonal rabbit antiaprotinin, diluted
1: 250 with 0-5% BSA and 1% goat serum in PBS, for 60
min at room temperature. Sections containing E. coli
exposed to lysozyme were similarly incubated with poly-
clonal rabbit antilysozyme, diluted 1 : 1000. Subsequently,
sections were washed by floating the grids on a drop of
0-5% BSA in PBS (1wo changes, 10 min each), incubated
with a goat antirabbit antibody coupled to colloidal gold,
diluted 1: 100 with 0-5% BSA in PBS. The sections were
then washed in 0-05% BSA in PBS (twice for 5 min) and
water (four times for 5 min), stained with Mg-uranyl
acetate for 4 min and lead citrate for 3 min. For controls,
the primary antibodies were replaced by normal rabbit
serum diluted 1 : 250, or by 1% goat serum and 0-5% BSA
in PBS, and untreated bacteria were incubated as described
above.

FPLC reversed phase chromatography on ProRPC
column (Hr 5/10) for the analysis of aprotinin

Samples containing 2 mg/ml protein in water were acidified
with trifluoracetic acid (final concentration 0-3 v/v) and
loaded on a ProRPC column which had been equilibrated
with 0-3% trifluoracetic acid in 10% (v/v) acetonitril. Frac-
tions of 0-6 ml were collected and the column was eluted at
a flow rate of 18 ml/h. After' collecting 25 fractions, two
linear gradients from 10 to 27% and from 27 to 60% ace-
tonitril were applied. The fractions were freeze-dried and
the contents redissolved in 025 ml of water for further
analysis and pooling according to the elution diagram.

FPLC reversed phase chromatography on ProRPC
column (Hr 16/10) for the analysis and purification of
chicken egg white lysozyme

A sample containing 5 mg/ml of chicken egg white lysozyme
was acidified with trifluoracetic acid (final concentration
0-3% v/v). The solution (2 ml) was loaded on to the
column which was equilibrated with 0-3% trifluoracetic
acid in 10% (v/v) acetonitril. Fractions of 3 ml were col-
lected and the column was eluted at a flow rate of 180 mi/h.
After collecting eight fractions, the column was first eluted
with 25% acetonitril and, after collecting 40 f{ractions, a
lincar gradient from 25 to 60% acetonitril was applied. The
fractions were freeze-dricd and the contents redissolved in
0-5 ml 4,0 and the hydrolytic activity of Iysozyme toward
M. futeus was determined.

Reduction and random reoxidation of chicken egg
white lysozyme and aprotinin

Five mg of chicken egg white lysozyme were dissolved in
1-0 ml of 0-01 mol/l NaH,PO,/Na,HPO, buffer (pH 7-4)

containing 0-01 mol/l dithiothreitol (DTT) and incubated
at 37°C for 2 h until a precipitate was formed (Laible &
Germain 19853). The suspension was centrifuged at 2000 g
for 15 min and the supernatant fluid discarded. The pre-
cipitate, consisting of randomly reoxidized and aggregated
lysozyme, was washed with water 10 times and then freeze-
dried. The last wash fluid was tested and found free of
antibacterial activity due to traces of DTT or soluble
lysozyme. Five mg of aprotinin were dissolved in 5 ml of
the phosphate buffer described above, incubated at 37°C
for 48 h and the precipitate formed was centrifuged. The
sediment was washed with water and then freeze-dried. For
use in bactericidal assays weighed amounts of the com-
pounds were suspended in 0-01 mol/l NaH,PO,/Na,HPO,

buffer. Neither of the denaturated proteins dissolved.

Production of antiserum

Aprotinin purified by reversed phase chromatography was
conjugated to rabbir serum albumin by glutaraldehyde as
reported by Reichlin (1980), mixed with complete Freund’s
adjuvant and used to immunize a rabbir.

Antiserum to chicken egg white lysozyme was obtained
by immunizing a rabbit with a mixture of purified
lysozyme from reversed phase chromatography and com-
plete Freund’s adjuvant.

RESULTS

Homogeneity of commercial aprotinin

The elution diagram of commercially available aprotinin
from reversed phase chromatography on ProRPC included
a main peak and a single small retarded peak eluted with a
higher acetonitril concentration consisting: of the well-
known aprotinin dimer (Trautschold ez a/. 1967). The anti-
bacterial assays were therefore carried out with the
commercial aprotinin without further purification.

Homegeneity of commercial chicken egg white
lysozyme

The clution diagram of commercially available chicken egg
white lysozyme from reversed phase chromatography con-
sisted of two peaks, the first (peak I) eluted with an aceton-
itril concentration of 25% and the second (peak II) with
35%. The antibacterial activity of both pooled peaks was
measured with E. co/f and A, Jutens. Peak I did not show
any antibacterial activity and was not further investigated.
Peak II showed antibacterial activity against both . roli
and M. luteus, and was identified as lysozyme. It consisted
of a single band in SDS polyacrylamide gel electrophoresis
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. CHEMICAL CHARACTERISTICS OF LYSOZYME

Lysozyme was first discovered in 1922 by Alexander Fleming while he was suffering
from a cold, when nasal mucus was found to dissolve bacteria on an agar plate. He quickly
found that the antibacterial action was due to an enzyme, but that it was only effective
aguinst cenain bacteria and not those most infectious o man.'

Later, in 1963, Jolles and colleagues® at the University of Paris and Canfield® at the
Cotumbia University College of Physicians and Surgeons discovered the chemical make-up
of the protein molecule and mapped the amino acid sequence of lysozyme. The hen egg
white lysozyme molecule consists of a single polypeptide chain of 129 amino acids. The
lysozyme moalecule is cross-linked in four different places by disulfide bridges formed by
the combination of sulfur-contain.ng side chains between residues 64-80, 76-94, 6-127, and
30-113. Two of the disulfide bonds must be intact for lysozyme to maintain enzymatic
activity. Lysozyme loses its activity if all the —S~S— bonds are reduced. Jolles et al.? and
Canfield? had some disagreements concerning the amino acid sequence of hen egg white
lysozyme, and these were later investigated by X-ray crystallography and revisions made
where conflicting results had been reported.* Figure | is a two-dimensional diagram of the
amino acid sequence, which sumnmarizes the results of all three research papers. By using
X-ray diffraction analysis, secondary and tertiary structures have also been elucidated.
Models of these structures can be found in a review written by Philips.' The secondary and
tertiary structures of lysozyme do not follow basic conformations except for parts of the
molecule containing helixes and B-pleated sheet structures.® By using optical rotational
values, 25% of the lysozyme structure was calculated to be in a helix. The atomic coordinates
of the lysozyme structure refined by advancing biochemical procedures have been deter-
mined, and structural conformations from binding of the enzyme to metals and other sub-
stances have been studied.**

The hydrophilic and hydrophobic bonds of lysozyme are scattered and not distributed
equally along the amino acid chain. For example, residues 38-55 are almost all hydrophilic.
The first 40 residues are hydrophilic and hydrophobic and contain amino acids suitable for
an a-helix formation. A hydrophobic core is formed with hydrophilic amino acid side chains
protruding toward the surface, which is thought to give lysozyme its stability. The opposite

*  Contribution No. 86-26-], Depaniment of Animal Science and Indusiry, Kansas Agricultural Experiment Station,
Manhauan, Kan. 66506.
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Both aprotinin and lysozyme were found to penetrate-the
bacterial wall of Gram-positive and Gram-negative bacteria
and disintegrate the cytoplasm, leading to its complete loss.
Decnaturation of aprotinin and lysozyme did not reduce
their bactericidal activity. The results suggest that the bac-
tericidal properties are primarily related to their basic char-
acter.

MATERIALS AND METHODS

Reagents were obtained from the following sources: trypsin
(from porcine pancreas) and aprotinin from Serva; chicken
egg white lysozyme (3 x crystallized) and bovine serum
albumin from Sigma; ProRPC column (Hr 5/10 and 16/10)
for reversed phase chromatography from Pharmacia;
Escherichia coli ATCC 25922, Staphylococcus aureus ATCC
25923 from Roche; Klebsiella pneumoniae ATCC 13883,
Serratia marcescens ATCC 8100, Staph. epidermidis ATCC
12228 from Eurodiagnostic, Shoreham-By Sea, Brighton;
Staph. lentus and Bordetella bronchiseptica wild strains were
from the Institute of Bacteriology of the Veterinary Hospi-
tal, Zirich; Bacillus subtilis BGA from Merk, Darmstadt,
Germany; Micrococcus luteus from Boehringer, Mannheim,
Germany; LR white resin from The London Resin
Company Ltd, Basingstoke, UK; Vero cells from Flow
Laboratories, Rickmansworth, UK; goat antirabbit IgG-
colloidal gold (10 nm) from Janssen, Olen, Belgium. All
other reagents were of the highest commercially available
grade.

Antibacterial assays

Single colonies of bacteria grown on trypticase soy agar
plates were inoculated in 50ml of trypticase soy broth
(TSB) and grown overnight at 37°C. One ml of bacterial
suspension was diluted 1: 50 with trypticase soy broth and
incubated overnight at 37°C. The culture was then centri-
fuged at 2000 g for 10 min. The sedimented bacteria were
washed twice with 0-01 mol/l NaH,PO,/Na,HPO, buffer
(pH 7-4) and adjusted to 1 x 108 cfu/ml. Fifty ul of bac-
terial suspension were added either to 50 ul of purified
chicken egg white lysozyme or to 50 ul of aprotinin of
appropriate concentrations. One hundred ul of 2% TSB in
0-01 mol/l NaH,PO,/Na,HPO, buffer were then added.
The mixture was incubated at 37°C for 2 h, serially diluted
from 1:10 to 1:1000 in 0-01 mo!/1 NaH,PO,/Na,HPO,
buffer (pH 7-4), and plated on trypticase soy agar. The
plates were incubated for between 24 and 48 h ar 37°C
until distinct colonies could be counted. The assays were
conducted in duplicate.

Turbidimetric studies of lysis

Lysozyme hydrolytic activity was determined turbidimetri-

cally by measuring the decrease in absorbance at 346 nm of
a suspension of Al Jureus cells as reported by Weisner
(1984). Turbidimetric studies of lysis with the other bac-
terial species investigated were carried out as follows: 12-3
ul of lysozyme solution (0-05-1-00 mg/ml) in 0-01 moll
NaH,PO,/Na,HPO, bufter (pH 7-4) were added to 750 ul
of bacterial suspension (10% bacteria/ml in 0-0! mol/i
NaH,PO,/Na,HPO, bufter (pH 7-4)).

Assay for trypsin inhibitory capacity

The assay for the antitryptic activity of aprotinin was per-
formed with N-benzoyl-L-arginine-p-nitroanilide as the
substrate according to the method of Geiger & Fritz (1984).

SDS polyacrylamide gel electrophoresis

SDS electrophoresis on polyacrylamide gel (T = 12%
C = 7%) was carried out according to Laemmli’s (1970)
procedure.

Electron microscopy

For ultrastructural studies, 50 ul of £. coli suspension (10®
E. coli/ml) were incubated with 50 pl of aprotinin solution
(4 mg/ml) and 100 gl of 0-01 mol/l NaH,PO,/Na,HPO,
buffer (pH 7-4) containing 2% TSB for 2 h at 37°C. Sub-
sequently, the cells were washed with 0-01 mol/l
NaH,P0,/Na,HPO, buffer (pH 7-4). Five samples were
prepared in this way. They were then pooled and fixed
with 2% formaldehyde and 0-5% glutaraldehyde in 0-05
mol/l NaH,PO,/Na,HPO, (pH 7-4) and centrifuged in
microtubes at 3000 g for 25 min at 4°C; 50 pl of lysozyme
solution (10 mg/ml) were added to 50 ul of E. coli suspen-
sion (10%° E. coli/ml), incubated with 100 gl of 0-01 mol/l
NaH,PO,/Na,HPO, buffer (pH 7-4) containing 2% TSB
for 20 min at 37°C, washed and fixed as E. coli incubated
with aprotinin. Vero cells were added to stabilize the final
pellet. Untreated E. coli cells were processed in the same
way for control purposes. After fixation, pellets were
washed in 0-05 mol/l NaH,PO,/Na,HPO, buffer (pH 7-4)
for 10 min at 4°C, rapidly dehydrated in a graded series of
ethanol starting at 70%, embedded in LR whire resin and
polymerized for 20 h at 50°C.

Immunogold labelling

Sixty to 80 nm sections collected on bare gold grids (300
mesh) were incubated according to the method described
by Geuze et al. {1981). After preincubation with 0:3%
bovine serum albumin (BSA) and 5% goat serum in phos-
phate buffered saline (PBS) pH 7-4 (two changes, 10 min
each), sections containing E. coli exposed to aprotinin were
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FIGURE 1. The amino acid sequence of lysozyme with the amino
acids involved in ll;u: three antigenic sites indicatcd: site | (®); site
2F); and site 3 WOV

side of the molecule contains fewer hydrophobic side chains, and hydrogen bonding is the
force of auraction.®

Lysozyme is now officially described as N-acetylhexosaminodase and is classified as a
muramidase.® The Commission on Enzymes has assigned the nutnbers 3.2.1.17 to lysozyme.'®

The lysozyme molecule can be crystallized out of egg albumen, but may contain two or
three components that can be separated by cation-exchange chromatography and moving-
boundary electrophoresis. The molecular weight of lysozyme is approximately 14,300 to
14,600 and the isoelectric point is pH 10.7."" The acid-base titration curve for lysozyme
has been determined and the pK values for the catalytic amino acids found.*!3 Lysozyme
activity rate is highest from pH 3.5 10 7, and the pH range of 5 to 7 is best for lysing of
Micrococcus lysodeikticus.'® Lysosyme is stable for several years when stored dry at s°C.”

Lysozyme got its name by being an enzyme that lyses or dissolves bacterial cells. Ly-
sozyme functions by splitting or hydrolyzing the B(1-4) linkages between N-acetylmuramic
acid and N-acetylglucosamine, which are pans of a long, complex sugar molecule found in
the outer membrane of many living bacterial cells."! Because of the nature of the cell wall,
Gram-positive bacteria are most susceptible to lysozyme.
A. Effect of Heat and Chemicals on Lysozyme Activity i
Lysozyme is heat stable in acidic solutions, having been reported to withstand 100°C with
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| A.PELLEGRINI, U. THOMAS, R. VON FELLENBERG AND P. WILD. 19s2. Bactericidal properties of
aprotinin, a proteinase inhibitor and possibly a defence molecule in bovine species, and of
chicken egg white lysozyme, known as muramidase, were investigated. Incubation of various
bacteria in the presence of either aprotinin or lysozyme showed that both proteins killed
Gram-positive as well as Gram-negative bacteria without addition of complement or EDTA.
Denaturation of the two proteins by dithiothreitol did not lead to loss of their bactericidal
potency. Electron microscopic examination of Escherichia coli incubated either with lysozyme
or aprotinin revealed that the bacterial cytoplasms gradually disintegrated. Both aprotinin and
lysozyme were demonstrated within the affected cytoplasm by immunogold labelling. The

results suggest that the bactericidal potency of lysozyme is not only due to muramidase i

activity but also to its cationic and hydrophobic properties. The bactericidal activity of
aprotinin is probably also related to both these properties rather than to its activity as

proteinase inhibitor. .

INTRODUCTION

Cationic proteins and polypeptides of polymorphonuclear
leucocyte  granules possess microbicidal properties
(Gennaro ez al. 1983; Spitznagel 1984; Shafer ez al. 1984;
Viljanen et al. 1988; Lehrer er al. 1989). They are con-
sidered to be the non-oxidative defence mechanism of
phagocytic cells (Spitznagel 1984). Aprotinin is a proteinase
inhibitor with basic character (IEP 10-5) of bovine lung and
other organs. Its precise function remains unknown (Fritz
& Wunderer 1983). Aprotinin also has antimicrobial
properties (Castaldi & Martiello 1971). The antiviral pro-
perty of aprotinin is explained by its proteinase inhibition
ability (Zhirnov ¢z a/. 1982). The antibacterial activity,
however, is not understood since a wide variety of protein-
ase inhibitors have no antibacterial properties (Pellegrini et
al. 1990).

Lysozyme is a muramidase with basic character (IEP
10-3) which is widely distributed in nature. Its antibacterial
activity is considered t6 be strongly related to its catalviic
properties that affect some Gram-positive bacteria (Jollés
1964; Nakae & Nikaido 1975; Spitznagel 1964).

Correspandence 10: Dr 4. Pellegrini, Institute of Veterinary Physiolagy,
Dsvision of Applicd Veterinary Physiology, University of Ziirich,
IWinterihurersirasse 260, CH-8057 Zirich, Smitzerland.

During a previous investigation (Pellegrini et al. 1990)
we noted that chicken egg white lysozyme, which was
present as a contaminant in the commercial preparations of
ovoinhibitor and ovomucoid, had bactericidal activity
against both Gram-positive and Gram-negative bacteria
when tested in a bactericidal assay under the same condi-
tions as the cationic bactericidal proteins of neutrophil
granules (Ganz ez al. 1985). This result was unexpected
since it was considered that lysozyme is considered unable
to penetrate the outer membrane which protects the pep-
tidoglycan layer of Gram-negative bacteria (Glynn 1968;
Nakae & Nikaido 1975; Davis ez al. 1980; Spitznagel 1984).
Gram-negative bacteria are rendered susceptible to the Iytic
action of lysozyme after the outer membrane has been
destroyed by EDTA, antibodies and complement or heat
(Warren et al. 1955; Repaske 1958; Wilson & Spitznagel
1968; Feingold er al. 1968), thereby exposing the pep-
tidoglyean layer to lysozyme.

The purpose of this study was to elucidate the mode of
antibacterial activity of aprotinin and lvsozyme which have
an identical TEP. We were interested to know whether the
bhactericidal activity of cationic proteins was restricted to
granule proteins of ncutrophils or whether other cationic
proteins with a potential physiological function in anti-
microbial defence could act according to the same principle.
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FIGURE 2. Influence of pH on the heat inactivation of lysozyme in egg
white containing 30 ppm aluminum and in buffer. The buffer in solution
containéd about 0.01% lysozyme. All samples were heated for 10 min. Open
and closed circles on egg white curve represent two egg white sampies.*®

-

little loss of activity.'®?' Matsuoka et al. also found lysozyme to be stable in acidic solution
(pH 4.5, 100°C, 3 min; pH 5.29, 100°C, 30 min).

Using loss of activity as a criterion, Beychok and Warner™ showed that stability in the
temperature range of 85 to 95°C was maximum at about pH 5.5. Gorini and Felix?* reported
25% inactivation of lysozyme at 70°C in borate buffer at PH 7.9 within 30 min. Sandow?
reported that lysozyme in egg white at pH 8.0 was destroyed in 15 min at 65°C; however,
at pH 5 and 60°C, no loss occurred in 60 min. They found lysozyme to be over 50 times
more heat stable in phosphate buffer, pH 6.2, than in egg white at 62.5°C. Cunningham
and Lineweaver® studied the stability of egg White proteins to pasteurizing temperatures
above 60°C since egg white functional properties are affected above 57°C when unmodified
egg white is heated. Egg white was adjusted to various PH values with 0.1 N HCI, using
distilled water to maintain equal dilution. Then 2-m¢ portions were heated 10 min in a water
bath at 62.5°C, cooled in an ice water bath. mixed.with 8 m¢ of phosphate buffer (pH 6.2),
centrifuged, and assayed for lytic activity. Lysozyme inactivation in egg white varied from
about 10% at pH 7 to over 95% at pH 9. Neither A** nor Fe’* (10~3 M concentrations)
had any influence on the stability of lysozyme in egg white. There was no inactivation of
lysozyme at 62.5°C in phosphate buffer, even at PH 9. At 65°C, inactivation occurred in
10 min at pH 9 (Figure 2). Later, Cunningham and Lineweaver?” found that loss of lysozyme
activity decreased more in egg white at a lower temperature of 62.5°C than in buffer at 65°C
because the sulfhydryl group of ovalbumin reduced one or more disulfide bonds in the
lysozyme. Ovalbumin is the only cgg white protein which contains a sulfhydryl group.
Lysozyme inactivation involves a denaturation reaction as well as a sulfhydryl-disulfide
interchange. The loss of lysozyme activity on heating lysozyme-ovalbumin solutions is
greatly reduced as the NaCl concentration increases. Samples heated to 60°C for 10 min
were reduced from nearly complete inactivation to 60% at 0.25% salt, to 42% at 0.5% salt,
and to 10% at 1% salt. Therefore, the inactivation reaction occurs more rapidly when
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In conclusion, the possibility of using as a food preserva-
tive an enzyme that is harmless to humans is attractive, and
we believe that the work presented in this study suggests
that lysozyme has the potential to serve such a role in
specific applications in the food industry.
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lysozyme and ovalbumin are electrostatically combined. None of the other egg white proteins
contain sulthydryl groups of were found to decrease lysozyme activity at temperatures near
60°C. Weaver and Kroper® found that activity of | mg/m¢é lysozyme in bovine skim milk
decreased al lemperatures greater than 60°C.

Hayase et al.”” found lysozyme 10 polymerize through disulfide linkages, and at 180°C
both polymerization and degradation occurred. When the temperature was raised to 200°C,
many changes occurred, including cleavage and recombination of peptide bonds. Over 200°C,
polymerizulion and degradation occurred more violently.

Genentech and Genencor,” 1wo companies working with genetic engineering, have de-
veloped 2 modified T4 lysozyme in which a new disulfide bond was incorporated into the
protein to increase its thermal stability and make it more effective in cheese-making and
other foud applications. A computerized model of the modified T4 lysozyme is found in
the above reference.

Frasco® and Frasco et al.?? studied the mechanism of heit denaturation in lysozyme as
it relates to changes 1n watel structure. External nonpolar amino acid residues did not have
a significant effect on denaturation, but water freed from external polar amino acid residues
played u role in the initial denaturation process. Water migrates 10 interior pep(idc—peplide
bonds, initiating protein swelling and uncoiling. A mechanisin was postulated in which
denaturation promotes water structuring by increasing total surface area and polar hydration
site availability by reducing protein crystallinity. This encourages shifting of peplide-peptide
bonds to peptide-water bonds, causing further protein swelling and uncoiling as water is
added to the system. The additional water is laid down in monolayers until a distance is
reached where newly added water is no longer under the influence of the protein charge.

wu'? and Wu et al.% studied the eftect of flucluating temperature on lysozyme activity.
Enzymatic reactions were affected differently by fluctuating lemperature than simple chem-
ical reactions becausc activation, deactivation, reactivanon, and possibly certain patierns of
femperature aduptation unique 10 enzyme molecules influenced the rate. Overshoot and
undershoot phenomena occurred when temperatures were changed and, as a result, nverse
compensition wus shown. The final product yield after subjecting an enzyme 1o temperature
fluctuation depended on the compensation between the overall magnitude of over- and
undershoot trom theoretical values. The cycle-down mode and the slower frequency of
fluctuation created u greater influence on ratio changes. In the absence of heat inactivation,
20°C for lysazyme, fagter rates and higher yields resulted. When heat inactivation was
apparent, €.8., 50°C region for lysozyme, the slower frequency and the cycle-down mode
resulted in greaier inactivation as well as greater activation, but the former effect oversha-
dowed the later and resulted in a lower yield. N

Chang and Carr®® found lysozyme 10 be inactive in distilled water. It was long believed
that little or no change in globular protein conformation of lysozyme took place upon removal
of solvent water. Baker &t al.? studied hydrogen exchange in lyophilized lysozyme samples,
either completely dry or dehydrated at a higher relative humidity, compared with lysozyme

in solution. The results indicate that lysozyme does not have the same conformation as it
does in aqueous solution. . B

Many studies of the effect of alcohols on protein conformation have led (0 the conclusion
that the effectiveness of alcohols as protein denaturants increases with increasing hydrocarbon
chain length and is explained in terms of a hydrophobic mechanism of alcohol-protein side
chain interaction. Tribout and Leonis*” studied H* titration curves of hen egg white lysozyme
in the presence of methanol, ethanol, and n-propaf\ol in concentrations less than 15% by
weight in order 10 avoid conformational changes. The acidity constants of two groups (whose
pH values in water are, respectively, 4.2 and 3.5 corresponding t0 Asp-101 and Asp-52)
are increased in water-alcohol mixtures in comparison to water. This indicates that these
alcohols interact within the active site of lysozyme as 2 function of alcohol concentration
and hydrocarbon chain length. No mention was made of lysozyme activity.
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FIG. 4. Lysisof L. monocytogenes cells suspended in phosphate
buffer and exposed to 10 mg of lysozyme per liter. (A) California; (B)
Scott A; (C) V7: (D) 20A, Ohio. Open symbols represent controls
without added lysozyme.

luteus did not occur from a culture supernatant not previ-
ously dosed with lysozyme.

We found that combining lysozyme with certain chemicals
promoted lysis of growing cells of L. monocytogenes. The
potentiating chemicals were chosen on the basis of previous
studies of the activity of lysozyme (17, 18). Addition of

DL-lactic acid at 0.8;% stopped the growth of the cells and

monocytogenes was EDTA (cells lysed —0.46 [measured as
optical density at 660 nm] compared with the control).
Chemicals assayed as potentiators but which showed no
significant differences from the control included potassium
sorbate (0.05%), glycine (0.25%), sodium acetate (5 mM),
ethanol (0.95%), sodium dodecyl sulfate (0.01%), thioglyco-
late (5 mM), NaCt (50 mM), dithiothreitol (5 mM), and
ascorbic acid (10 mM).

The effectiveness of EDTA and lysozyme against L.
monocytogenes was also tested for inhibition of colony
formation on brain heart infusion agar (Table 5). Although
100 mg of lysozyme per liter or 1 mM EDTA alone did not
inhibit two strains of 7. monocytogenes, the combination
caused significant inhibition relative to the controls (Table
S).

DISCUSSION

The present studies indicate that lysozyme effectively
lyses and inhibits the growth of several food-borne patho-
gens and spoilage bacteria. We found that certain strains of
C. botulinum and four strains of L. monocyrogenes were

by vegetables, soft cheeses, and pasteurized milk products
and is a serious concern as an emerging pathogen in a variety
of food products. The results of this study suggest that
lysozyme may be effective in foods as a safety factor to
assist in the inhibition of L. monocytogenes.
The present work also demonstrates that the saccharolytic
>oilage thermophile C. Ihermosaccharolyticum Is suscepti-
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TABLE 5. Effect of lysozyme and EDTA on recovery of
L. monocytogenes on brain heart infusion agar

No. of colonies ar following dilution:

L. monocviogenes [, monocyiogenes

Treatment Scott A Ohia

—_—

10-* 1077 107 10~7

None TNTC* 250 TNTC 179

Lysozyme, 100 mgfliter TNTC 232 TNTC 149

EDTA. 1 mM TNTC 276 TNTC 235

EDTA, 0.5 mM TNTC 266 TNTC 202

EDTA, 0.05 mM TNTC 277  TNTC 229
Lysozyme + EDTA, 1 mM 100-150% 30-s0”

0 0
TNTC? 50-75%
TNTC 184

Lysozyme + EDTA, 0.5 mM
Lysozyme + EDTA., 0.05 mM

TNTC 304
TNTC 261

“ TNTC. Too numerous to count.
* Colonies pinpoint after 3 days of incubation.

ble to the lytic activity of lysozyme. The thermophilic,
flat-sour bacterium B, stearothermophilus was also highly
sensitive, as previously observed (3, 14). Perhaps the struc-
ture o iti

Depending on the product, the commercial sterilization of
low-acid canned foods may require considerable quantities
of thermal energy to destroy the viability of the thermophilic
spores. Since lysozyme has excellent heat resistance at [ow
pHs (1, 8), it may be possible to reduce the thermal energy
requirements during canning by including lysozyme in the
process. We have obtained preliminary results which indi-
cate that B. stearothermophilus spores are readily killed by
lysozyme at 70°C (V. L. Hughey, P. Wilger, and E. A.
Johnson, unpublished data).

Lysis of several of the pathogenic and spoilage bacteria in
the present studies was enhanced and consistently obtained
when lysozyme was used in combination with EDTA. This
was particularly apparent with certain strains of C.
botulinum, many of which were completely refractory to
lysozyme alone but were inhibited and lysed by lysozyme
plus EDTA. The results obtained with C. borulinum and L.
monocytogenes suggest that two factors mainly hmit the
effectiveness of lysozyme. First, since EDTA is required to
obtain consistent lysis, the peptidoglycan substrate may be
partially masked by other cell wall components (7, 12, 20).

to restrain growth of low-temperature-growing pathogens
such as C. botulinum type E (16). The results presented in
these studies suggest that the combination of EDTA (or
possibly other chelators) and lysozyme may be usefu] for the
prevention of C. botulinum growth in foods. The use of
lysozyme in prevention of C. botulinum food poisoning,
however, should be considered with caution. It is also
possible that lysozyme might increase the risk of food
poisoning by promoting the release of intracellular toxin.
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Table 1
STABILITY OF LYSOZYME IN
CONCENTRATED SUGAR SOLUTIONS!*

Remaining Ivsozyme activity %

pH 6.0 pH 3.2
Temperature  Time 20% 60 % 20% 60%
(°C) (min)  Sugar Sugar  Sugar  Sugar
Is 89 98 100 100
60 30 85 93 100 100
60 80 92 100 100
15 53 100 100 100
80 30 53 100 100 100
60 35 94 100 100
15 16.5 32 82 98
100 30 0 15 67 79
60 0 6.8 25 46

Note: The concentration of lysozyme used was 20 ppm.

Yashitake and Shinichiro'® found that 10 and 20 ng/me€ lysozyme maintained 100% activity
in mirin liquor (sweetened sake. containing less than 20% alcohol, used for cooking Japanese
food) at 37°C for a study period of 20 weeks. Even after | hr at 65°C, 100% of the original
lysozyme activity was present. From 10 to 50 wg/m€ of lysozyme maintained 100% of its
activity in sake at 37°C for 20 weeks and also for 1 hr at 65°C. In addition, 10 pg/mé
lysozyme in vinegar had 40% of the original activity after 2 weeks, 5% after 10 weeks, and
none at 20 weeks; none of the original activity was found after 1 hr at 65°C; and 20 ng/mé
lysozyme in vinegar had 100% of its original activity after 2 weeks, 90% after 10 weeks,
and none after 20 weeks or for | hr at 65°C. Lysozyme was found to rapidly lose its activity
in alkaline solutions (above pH 6).

Back et al.,* using lysozyme and other proteins, found that sugars and polyols stabilized
them against heat. Solutions of proteins were heated at a constant rate. and the temperature
of the maximum rate of denaturation (TM) was estimated. The addition of sugar or polyol
raised the TM. The magnitude of the stabilizing effect (TM) depended on the nature of the
proteins and sugar or polyol. The TM for lysozyme was 18.5°C at pH 3 in the presence; of
50% (w/w) sorbitol. It was suggested that stabilization was due to the effects of sugars and
polyols on hydrophobic interactions, in which they reduced the tendency for complete transfer
of hydrophobic groups from an aqueous to a nonpolar environment.

Yashitake and Shinichiro'® also found increased heat stability of lysozyme in sucrose.
Table 1 shows the stability of 20 ppm lysozyme in sucrose. Activity increased as the pH
decreased from 6.0 to 3.2. _

Hidaka, as cited in Yashitake and Shinichiro,' found that the activity of 20 ppm of
lysozyme was stabilized against heat by NaCl, as seen in Table 2. Lysozyme is activated
by low concentrations of salt and is inhibited by high concentrations of salt. Kravchenko et
al.”>” found that salt was necessary for enzymatic action of lysozyme and that if the ionic
strength were higher than 0.05 to 0.1 M the lysozyme action on individual substrates
increased, whereas the lysis of M. lysodeikticus was inhibited. Chang and Carr,”® using
sodium chloride, potassium phosphate, and tris chloride, showed that the activation at low
salt concentration was most closely correlated with a nonspecific ionic strength effect and
that the inhibition at high salt concentration is most closely correlated with cationic con-
centration and charge. At a given ionic strength, polyvalent cations are stronger inhibitors
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TABLE 3. Lysis® of C. botulinum in phosphate buffer TABLE 4. Influence of temperature on lysis of C. botulinum 0.
type E (I i in)¢
. Time to Time to yp (Iwanal strain)
Strain® I:“S‘:;":;T maximum 50% tysis Temp Change in o
b ¢ lysis (min) (min) (°C) Treatment Ao
0.
C. botulinum Hall A 70 150 30 4 None (control) 0.0 E
C. sporogenes PA3679 8s 40 12 Lysozyme -0.20 =
C. sporogenes B1107 85 30 21 EDTA 0.0 g
C. botulinum 178 54 140 40 Lysozyme + EDTA -0.31 ")
C. botulinum Okra B 65 150 35 -
10 ontrol +0. 2
9 Lysis was done at 37°C with cells suspended in 0.067 M phosphate buffer Eysoz me ,g i? S ©°
(pH 6.6) containing 100 mg of lysozyme per liter. The decrease in turbidity EDTAy 0' Q L B2
relative to the control incubation without lysozyme was measured at 540 nm + '}‘ -
periodically for at least 18 h. The lysis tests were done at least twice on Lysozyme + EDTA —0.36 > o
separate days with cultures grown independently. ¢ < o
o Isolates C. botulinum Alaska E. Iwanai E, Minnesota E, 62A. and 113B 25 Control +0.52 :
and C. sporogenes B1106 were repeatedly resistant to lysis. Lysozyme +0.44
EDTA +0.62 o.
Lysozyme + EDTA 0.0

EDTA with 100 mg of lysozyme per liter in the incubations
resulted in greatly improved and repeatable lysis of type E
and proteolytic type A and B strains (Fig. 3). Furthermore,
the combination of 1 mM EDTA and 20 mg of lysozyme per
liter in complex media prevented the growth of proteolytic
and nonproteolytic strains, i.e., organisms initially assayed
as negative in test 1 (data not shown). Therefore the combi-
nation of lysozyme and EDTA was quite effective and
consistently inhibited toxigenic C. botulinum.

We noticed that the presence of 1 mM EDTA alone slowed
the growth of certain C. botulinum strains 20 to 30% relative
to controls and improved their susceptibility to lysozyme.
This information suggests that the growth rate of the cells
influences their susceptibility to lysozyme, possibly because
the rate of cell wall synthesis exceeds its rate of hydrolysis.
To test this, we assayed the effectiveness of lysozyme and
EDTA at various temperatures on C. botulinum type E.
which is capable of growing at temperatures as low as 4°C.
An assay of lysozyme at 5.5°C indicated that there was 5,700
U/mg compared with 50,000 U/mg at 25°C. At the lower
temperatures the degree of lysis was substantially increased
(Table 4), in accordance with the diminishing growth rates,
despite the lower activity of lysozyme. It is also possible that

0.9r 500 uM EDTA

Control
100 ppm lysozyme

5 mM EDTA

0.6t

Absorbance (660 nm)

03fF T

500 UM EDTA +

lysozyme
5mM EDTA ¢
[ 1 ! 1 i h
20z s 0 35 20 25 MU
Time (h)

FIG. 3. Influence of EDTA on lysis of growing cells of C. botulinum 113B (A) and Hall A (B). Lysozyme (100 mg/liter) and EDTA(1

were added at the arrows.

“ Cells were grown to mid-exponential phase at 25°C. shifted to the various
temperatures, and treated with lysozyme (100 mg/liter) or EDTA (1 mM})or
both. The optical densities were monitored for 9 days at 4°C. 6 days at 10°C.
and 1.5 days at 25°C.

EDTA partially disrupts the outer cell wall structure and
allows lysozyme to penetrate to the peptidoglycan.

Four strains of L. monocytogenes isolated during food
poisoning outbreaks were evaluated for their susceptibility
to lysozyme. We found that cells of each strain suspended in
phosphate buffer were lysed convincingly by lysozyme (Fig.
4). The rate of lysis was relatively slow but steady (Fig. 4).
and 50 to 60% reduction in optical density occurred within 2
h, reaching a maximum of 70 to 80% after 6 h. These results
were consistent on repeated trials. However, growth of the
four strains of L. monocyvtogenes was not inhibited when
each was inoculated into media containing lysozyme at 20 or
200 mg/liter (see above), nor did lysis occur when lysozyme
was injected into an actively growing culture of L. monocy-
togenes. This ineffectiveness was not due to inactivation of
lysozyme by the growing culture, since a sample of the
medium withdrawn after 3 days of growth readily lysed M.
luteus cells suspended in the same medium. Lysis of M.

500 M EDTA

SmM EOTA

Lysozyme
Contral

0.3}

500 uM EDTA*

lysozyme
ol 1 i 1 5mM EDTA ¢
=202 5 10 15 20 25 lysozyme
Time (h)}
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Table 2 By -
STABILITY OF LYSOZYME IN NaCl SOLUTIONS' %
¥
A
Remuaining lysozyme activity (%) 3
Temperature Time 0.5% Salt 2% Sult 5% Salt  10% Salt v
(°C) (min) (wiw) (wik) twiw) (wiw) ;
90 30 76.6 87.6 85.6 93.5
60 61.2 60.8 73.2 70.7
100 30 67.0 79.3 79.3 86.8
60 39.8 55.6 55.6 s8.4

Note: The concentration of lysozyme used was 20 ppm; initial activity was
100%.

Table 3
EFFECT OF POLYSACCHARIDES ON EGG
WHITE LYSOZYME ACTIVITY"® )

Polysacchuride Effect

Carboxy miethy! cellulose (carbonic acid radical) -
Alginate (carbonic acid radical)
Pectin (carbonic acid radical) -
Chondeoitin sulfuric acid (sulfuric acid base) -
Agar (sulluric acid base)

Tannin (sulfuric acid base) -
Com stasch +
Tammalindo seed polysaccharide +
Locust bean gum +
Low molecular weight pectin +
Guar gum +
Tragacinth gum +

Note: Concentration of lysozyme used was 50 ppm. —. Ly-
sozyme activity decreased greatly; +, lysozyme activity
decreased slightly.

than monovalent cations. The effect of cations changes with pH such that the optimum

cation concentration decreases with increasing pH. For example, 50 nM monavalent cations \
is optimal at pH 7.0, but at pH 9.0 it is strongly inhibitory. The activity of lysozyme can

best be represented by an activity-pH-cation profile rather than by a pH-activity curve. The

type of salt used also exerted particular effects. Davies et al.* also found lysozyme 10 remain

highly active over the pH range of 5 to 10 if the salt concentration is varied appropriately.

However, in contrast to Chang and Carr,* Davies et al.** found that- the inhibition effect

of high salt concentration was correlated to ionic strength rather than cationic concentration.

Salt does have an effect on the bactericidal effect of lysozymes, and the right concentration

must be found for maximum activity. . _

Hidaka, as cited in Yashitake and Shinichiro,'s found that polysaccharideS' with both
carboxylic and sulfuric acid bases were inhibitory to lysozyme activity (see Table 3). The
inactivation of lysozyme by these compounds is due to precipitation and can be minimized
by the addition of 1.0 to 6.0% salt.

B. Effects of Processing on Lysozyme
Damage to proteins from reactions with peroxidizing lipids is an important mechanism
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L FIG. 2. Lysis of B. stearothermophilus and C. thermosaccharolvticum by lysozyme. (A) B. Stearothermophilus cells suspended in
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in the processing and storage of foods.*' Free-radical reactions peroxidize unsaturated fatty
acids first into hydroperoxides and then hydroperoxide breakdown products, including ma-
lonaldehyde. A common manifestation of damage to proteins exposed to peroxidizing lipids
is a decrease in protein solubility. Schaich*? observed that incubation of lysozyme with
peroxidizing methyl linoleate resulted in both decreased solubility of the protein and increased
average molecular weight of the soluble fraction. Schaich and Kare]*® later studied production
of free radicals in lysozyme because of reactions with peroxidizing methyl linoleate and
found that free radical concentration in lysozyme decreased with increasing water activity,
probably from radical recombination and cross-linking.

Funes et al.* continued the studies of lysozyme with peroxidizing methyl linoleate and
found polymerization, loss of biological activity, and ather deteriorative changes when
lysozyme was exposed to incubation in air with methyl linoleate in a freeze-dried system
and when the protein was exposed to the headspace over peroxidizing methyl linoleate or
to the vapors of the volatile products of linoleate peroxidation, 2,4-decadienal, n-hexanal,
and 2-hepienal. Through the use of electron spin resonance, the volatile reaction products
generated protein-centered free radicals when lysozyme was exposed to these products.
Cross-linking, loss of enzyme activity, and insolubilization increased with increasing water
activity. Kanner and Karel** found that reactions of lysozyme with peroxidizing linoleate
produced lysozyme dimers and higher polymers. The polymerization was due to covalent
bonds. The degree of cross-linking, protein insolubilization, and loss of enzyme activity
increased with increasing water activity.

Fujimaki et al.*® used lysozyme and casein to study the effects of roasting at 150 to 300°C
on proteins to determine what flavor substances or degradative products would be formed.
Lysozyme was used as an example of a pure protein, containing only amino acids. Almost
all of the amino acids were decomposed at 250°C. Tryptophan, sulfur-containing amino
acids, basic amino acids, and B-hydroxy amino acids are easily decomposed compared with
acidic amino acids, proline, aromatic amino acids, except for tryptophan, and amino acids
with an alkyl side chain. This codld be important in Maillard browning reactions where
amino acids react with reducing sugars to form flavor and color components.

Gamma irradiation of egg white caused a decrease in lysozyme activity with increased
radiation dose.*’ Kanner and Karel*s found that gamma irradiation caused polymerization
by covalent bonds. Kume et al.*® found that the inactivation curve of 0.3% lysozyme solution
at pH 8.0 was exponential. The dose required to reduce enzymatic activity to 37% of its
initial value was 0.35 Mrad. However, lysozyme in egg white was only slightly affected
by irradiatian, being protected by the high concentration of protein. Mohamed*® found that
0.85 Mrad of gamma irradiation on 0.5% lysozyme caused ng change in density, viscosity,
or pH. Growth rates of two strains of Pseudomonas fluorescens isolated from milk and eggs
were lower when grown on irradiated substrates than on nonirradiated control substrates,
but this effect was reversed during 3 weeks of postradiation frozen storage. .

Eitenmiller et al.*® compared effects of gamma irradiation on lysozyme from human milk,
bovine milk, and egg white. Activity of the lysozymes decreased exponentially when exposed
to increasing doses from O to 120 krad. The enzymes were more radiosensitive at 50 than

" at 500 pg/mé. Bovine milk lysozyme was_the most sensitive, followed by egg white ly-

sozyme, then human milk lysozyme. Tryptophan was destroyed in egg white and human
milk lysozyme. Hydroxyl radicals played a role in the inactivation of all three lysozymes
as indicated by the use of hydroxyl radical scavengers, cysteine, and s~-butanol, which
provided radioprotective action. '

The type of container used to store lysozyme solutions may affect the activity of lysozyme.
Goldblum et al.*" studied the effect of Pyrex®, polypropylene, and polyethylene containers
on immunological components of human milk. Lysozyme concentrations fell 40% after 24
hr in cold storage in Pyrex® and polypropylene containers. Kravchenko et al.** found that

L
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TABLE 1. Bacterial species used and aeration
conditions for growth

No. of

Species strains Gm.wm L.
medium? conditions”
tested
Bacillus cereus 6 NB 30; aerated or
static where
noted

Bacillus stearothermo- 2 TSB + YE  55; static
philus + X

Campylobacter jejuni 1 BB 37; static

Clostridium botulinum 5 TSB 37; anaerobic
types A and B

Clostridium botulinum 3 TPGY 30; anaerobic
type E

Clostridium butyricum 1 TSB 37. anaerobic

Clostridium perfringens 2 TSB 37: anaerobic

Clostridium sporogenes 3 TSB 37; anaerobic

Clostridium thermosac- 2 Thermo 55; anaerobic
charolyticum

Clostridium 3 RCM 37; anaerobic
tvrobutyricum

Escherichia coli O157:H7 TSB 37; static
Klebsiella pneumoniae LB 37; aerated
Listeria monocytogenes BHI 37; static

1

1

4
Salmonella typhimurium 1 NB

4

1

1

37, static
Staphylococcus aureus BHI 37, static
Vibrio cholerae NB + NaCl 37, static
Yersinia enterocolitica NB 25: aerated

@ Abbreviations: BHI, brain heart infusion (Difco Laboratories); BB.
brucella broth (Difco): LB, Luria-Bertani medium (per liter: 10 g of tryptone,
5 g of yeast extract, 5 g of NaCl); MRS, lactobacillus MRS Broth (Difco): NB,
nutrient broth (Difco); NB + NaCl, nutrient broth (Difco) plus 0.5% NaCl:
Thermo, C. thermosaccharolyticum medium (per liter: 1.5 g of NaH.POys, 3.0
g of K;HPO,, 1.5 g of (NH4):SOs. 1.0 g of MgC]J, 0.15 g of CaCi., 10 mg of
FeSO,. 5 g of yeast extract, 0.5 g of cysteine, 0.5 ml of 0.2% resazurine. 10 g
of xylose); TH, Todd-Hewitt broth (Difco); TSB, Trypticase soy broth (BBL
Microbiology Systems); TSB + YE + X, Trypticase soy broth (BBL) plus
0.2% yeast extract (Difco) plus 0.2% xylose.

b Aeration conditions were as follows. Strict anaerobes (e.g.. clostridia)
were grown in anaerobic Hungate tubes under a nitrogen atmosphere.
Facuitative anaerobes were grown in static tubes (16 by 125 mm) two-thirds
filled with medium. Aerated cultures were grown in 5 ml of medium in test
tubes on a roller drum.

tibility in phosphate buffer (test 2) and was carried out with
EDTA and other potential enhancing chemicals (see Re-
sults).

(iv) Test 4. Lysis of cells on agar plates. Lastly we deter-
mined the influence of lysozyme and EDTA on the ability of
the Scott and Ohio strains of L. monocytogenes to form
colonies when cells were seeded in brain heart infusion agar.
In this procedure, lysozyme or EDTA or both were added to
molten agar and the plates were poured and allowed to
solidify. L. monocytogenes was then plated on the agar
surface.

The lysis tests for each organism were done at least twice
on separate days with cultures grown independently.

RESULTS

Growth inhibition by lysozyme in complex media. Initially
we determined the ability of lysozyme to prevent the growth
of bacteria inoculated into complex broth media containing
lysozyme. In this assay, 3 bacterial species of 15 examined,
Bacillus stearothermophilus, C. thermosaccharolyticum,
and C. tyrobutyricum, were found to be completely inhibited
(Table 2). Two species, Campylobacter jejuni and proteo-
Iytic C. botulinum type B, were weakly inhibited. B. cereus
was slightly inhibited under static but not aerated conditions.

Temp (°C) and ’

AppL. ENVIRON. MICROBIOL.

Several bacteria were not inhibited by lysozyme under
optimal conditions for growth (Table 2).

Lysis of nongrowing cell suspensions in buffer and exponen-
tially growing cultures in complex media. The activity of
lysozyme against the pathogens and spoilage bacteria was
next evaluated by assaying lysis of nongrowing cells by
lysozyme (10 or 100 mg/liter) in phosphate buffer and by
determining the lysis of young growing cultures upon dosage
with lysozyme (100 mg/liter). The latter test was usually
done only with bacterial species that exhibited some suscep-
tibility in phosphate buffer and was carried out with EDTA.
This chelator was found to be effective in promoting lysis of
several of the pathogens and spoilage bacteria (see below)
that were not affected by lysozyme alone.

Initially we tested the susceptibility of the cheese spoilage
bacterium C. rvrobutyricum. Wasserfall and Teuber (23)
noted that approximately 90% of a population of C.
tyrobutyricum cells were inactivated within 2 h by lysozyme.
We confirmed the susceptibility of this organism by using
two strains isolated from late blowing of cheese in Italy
(strains 13 and 142) and with the type strain (ATCC 25753)
from the American Type Culture Collection, Rockville, Md.
(Fig. 1). Actively growing cultures of C. ryrobutyricum in
reinforced clostridial medium also lysed when lysozyme (100
mg/liter) was injected into the culture (Fig. 1). The high
susceptibility of C. tyrobutyricum probably accounts for the
effectiveness of lysozyme in preventing late blowing of
cheeses (23).

We found in this study that the food spoilage. anaerobic.
extreme thermophile C. thermosaccharolyticum was highly
susceptible to lysozyme (Fig. 2). Cell suspensions in phos-
phate buffer supplemented with lysozyme (10 mg/liter)
cleared to 50 to 60% in 30 min and thereafter lysed slowly for
several hours (Fig. 2C). Growing cells were inhibited on
introduction of lysozyme (Fig. 2D). We confirmed that the
aerobic thermophile B. stearothermophilus was also highly
sensitive (Fig. 2). The susceptibility of B. stearothermophi-
lus to lysozyme has previously been noted by Ashton et al.
(3) and Messner et al. (14).

Although several isolates of C. botulinum and C. sporo-
genes were not inhibited for growth when inoculated into
media containing lysozyme (test 1), several of these strains
did lyse when nongrowing cells were suspended in phos-
phate buffer supplemented with lysozyme (Table 3). We
tested eight strains of C. botulinum and three strains of the

TABLE 2. Inhibition of growth of various bacteria by lysozyme

Growth after 7 days at

Strains® inhl::i)('ed/ lysozyme concn (mg/liter) of":
no. tested 20" 200
B. cereus 2/5 4+ H(+) F ()
B. stearothermophilus 2 - -
C. jejuni 1/1 + +
C. botulinum (proteolytic) 1/4 + + + +
types A and B
C. thermosaccharolyticum 373 - -
C. 1yrobutyricum 33 - - .
Y. enterocolitica 171 A () ()

 Bacteria not inhibited included C. botudinum (nonproteolytic) types B :\ﬂ‘:ﬂ
)

E (four of four strains), C. buryricum (one of one), C. perfringens (two ©
two). C. sporogenes (three of three), E. coli O157:H7 (one of nnc)._l\‘
pnewnoniae {one of one), L. monocytogenes (four of four). S. typhimurium
(one of one). S. aureus (four of four), and V. cholerae non O:1 (one of on¢)-
b All bacterial strains grew to + + + in media without lysozyme.
< Static cultures.
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lysozyme adhered to glassware, causing poor reproducibility in determinations of lysozyme -
activity. it

C. Sources of Lysozyme
Lysozyme has been found in many substances. The largest concentration is in tears, but ,
for comimercial extraction, hen egg albumen has become the major source of this enzyme. N
Lysozyme concentration in egg albumen is about 0.5% by weight.*? Arora et al. used five ;
different types of hens and found that fresh egg albumen contained from 2250 to 3270 pg/
m¢é. Upon storage, though, the lysozyme content decreased. Delchev and lonova** stored
eggs at (1) 0°C and 85% relative humidity (RH) for less than or equal to 5 months and (2)
15 1o 20°C for less than or equal to 2 months. Lysozyme contents of egg white decreased 8
gradually during both storuge conditions from approximately 3 t0 approximately 1 mg/m¢é.
Kato et al.>® swudied lysozyme content of hen eggs during storage. Centrifugation of thick
white gave (1) a liquid and (2) 2 gel fraction. The ratios of lysozyme concentration and
activity were 1.4 10 1.6 before storage and approximately 1.0 after storage for 5 days at
30°C. Lysozyme activity in thick white decreased 1©© approximately 60% after storage for 5
days at 30°C. Loss of lysozyme was reduced at lower temperatures and by storing eggs in
a CO, atmosphere. Lysozyme plays a role in egg white thinning. Sauter and Petersen®® found
that the loss of egg quality during storage was significantly greater (p<0.05) for eggs of
low lysozyme content, 43 Haugh units (HU) compared to 34 HU for high lysozyme eggs.
Differences in quality losses were particularly noticeable during the first 2 weeks of storage,
5 HU were lost for high-lysozyme eggs and 13 HU for low-lysozyme €ggs. Cotterill*’ and
Cotterill and Winter™® concluded that lysozyme and ovomucin are electrostatically inter-
acting in thick egg white. The pH of freshly laid egg white is initially 7.6, but increases t0
near 9.5 during storage due (0 the loss of CO,. As the pH increases, it nears the isolectric
point of lysozyme and the precipitation interaction time between lysozyme and ovomucin
virtually disappears. Therefore it was suggested that the interaction between lysozyme-
ovomucin was responsible for maintaining the thick white in a firm gel state, and the absgnce
of reduction of this interaction may be responsible for one stage of egg white thinning.
Vadehra et al.® found that the cuticle and shell contained little lysozyme, but the outer and
inner membranes were rich in lysozyme, containing approximately the same amount per’
unit of membrane. The amount of activity was dependent on the extraction method, and a
saline solution (0.9% NaCl) was found 1o be essential for lysozyme activity detection.

Fukamizo et al.*? studied the differences in activity rates of eight avian lysozymes: seven
hen-type lysozymes and one goose-type lysozyme with chitopentaose as the substrate (GlcNac);
; atpH 3.0 and 50°C. Except for goose lysozymes, the values of rate constant K., of cleavage
of glycosidic linkages for various lysozymes were different to some extent, whereas the
values of K_, and K, were common to all the lysozymes. Jolles et al.*> believed that
lysozymes belonging to different types — chicken (c) and goose (g) type — and possessing
different molecular weights and behaviors might have been derived from a common ancestral
protein. Ebner® found a-lactalbumin and lysozymes to have 40% of their amino acids in
identical positions and suggested a common ancestry.

Lysozymes are also found in animal tissues and serum,® as well as in organs, tears,
human and cow milk,* and cervical mucus. '

Pavlovskii et al.*’ determined content and activity of lysozyme in the organs of cale.
i Contents (mg/kg) and activities (%) of egg white lysozyme activity using acetone powder
of M. lysodeikiicus cells as substrate (determined by the method of Cherkasov and
Kravchenko®) were, respectively: spleen, 50 to 160 mg/kg and 70%; thymus, 80 mg/kg
and 40%; pancreas, 20 t0 35 mg/kg and 20%; liver, trace and not stated; lungs, trace and
not stated; and kidneys, trace and not stated. Since the largest amount of lysozyme was
found in the spleen of cautle, Paviovskii and Danilova® used affinity chromatography on

b
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Egg white lysozyme was demonstrated to have antibacterial activity against organisms of concern in food
safety, including Listeria monocylogenes and certain strains of Clostridium botulinyum, We also found that the
food spoilage thermophile Clostridium thermosaccharolyticum was highly susceptible to lysozyme and confirmed
that the spoilage organisms Bacillus Stearothermophilus and Clostridium tyrobutyricum were also extremely
sensitive. Several gram-positive and gram-negative pathogens isolated from food Ppoisoning outbreaks,
including Bacillus cereus, Clostridium perfringens, Staphylococcus aureus, Campylobacter Jejuni, Escherichiq
coli O157:H7, Salmonella typhimurium, and Yersinia enterocolitica, were al] resistant. The results of this study
suggest that lysozyme may have selected applications in food preservation, especially when thermophilic
sporeformers are problems, and as a safeguard against food poisoning caused by C. botulinum and L.

monocytogenes.

Lysozyme is an important component in the prevention of Table 1. Bacterial strains tested were mainly isolates from
bacterial growth in foods of animal origin such as hen eggs outbreaks of food poisoning or spoilage and were obtained
(4,10, 13, 15) and milk (5, 22). The €nzyme may also have mostly from faculty of the Food Research Institute, The

applications as a preservative in foods that do not naturally individual strains were purified by single-colony isolation

possess it. It is attractive as a food preservative because it is before lysozyme treatment,

specific for bacterial cell walls and harmless (o humans. Activity of lysozyme against pathogens and spoilage bacte-

Industrial methods have been developed for jts economical ria. The antibacteria] activity of lysozyme was evaluated by

recovery from egg whites, and the deproteinized egg whites four independent tests.

*rve been approved for food use in Europe and recently in (i) Test 1. Growth inhibition of bacteria inoculated to media
"Inited States. supplemented with lysozyme. Filter-sterilized lysozyme was

arrently, lysozyme has only limited applications in the added at 0, 20, or 200 mg/liter to duplicate sets of complex
vod industry. It is added to certain hard cheeses in Europe growth media appropriate for each organism (Table 1). The
J prevent gas formation and cracking of the cheese wheels media were inoculated with a 1:1,000 dilution of 3 young

by saccharolytic, butyric-forming clostridia, especially Clos- culture (final concentration of cells, ca. 1¢° to 10%ml). The

foods such as poultry, shrimp, sausage, and sake as a (ii) Test 2. Lysis of nongrowing bacteria in buffer. Over-
ight mid- to late-exponential~phase cultures from 50 to 150

Listeria monocytogenes. carried out in Hungate tubes (16 by 120 mm) with buty]
rubber stoppers (Bellco Glass, Inc Vineland, N.J.) in the

MATERIALS AND METHODS phosphate buffer, Freshly prepared lysozyme was used to

Start the reaction: after the addition of the lysozyme (10 or

Materials, Egg white lysozyme (2, 8) and dried Micro- 100 mg/liter), each tube was capped and gently inverted once

coceus luteus ATCC 4698 cells were provided by Societa o twice to mix. The Asso Was then read in a Spectronic 20
Prodotti Antibiotici, Milan, Italy. The pregargt!on of lyso- (Bausch & Lomb. Inc., Rochester, N.Y.). Initial Asqp values

z¥me supplied by Societa Prodotj Antibiotici contained ranged from 0.5 to 1.4 among the varigus cultures. The tubes

;Eogat _least 18 months when stored as a dried powder at 4_°C~ (iii) Test 3. Lysis of growing cultures after injection of
Tg (tetrasodium salt) was a product of Sigma Chemical lysozyme. For a third test of the effectiveness of lysozyme,
o-- St. Louis, Mo. All other chemical feagents used were we determined the rate of lysis upon introduction of lyso-

time intervals, but for at least 12 h. This test was usually
) fon—esponding author. done only with bacterial species that exhibited some suscep-

2165




ions of lysozyme

on is in tears, but
e of this enzyme.
v et al.?? used five
2250 to 3270 pg/
Wd lonova®! stored
S months and (2)
g white decreased
imately | mg/mé.
rifugation of thick
concentration and
rage for 5 days at
-afier storage for 5
by storing ¢ggs in
1d Petersen®® found
<0.05) for eggs of
gh lysozyme eggs.
3 weeks of storage;
ggs. Cotterill*’ and
sctrostatically inter-
1.6, but increases 10
- pears the isolectric
:;yme and ovomucin
between lysozyme-
-ate, and the absence
egg white thinning.
1, but the outer and
1e same amount per
ction method, and a
stivity detection.
\an lysozymes: seven
1e substrate (GlcNac)s
stant K, of cleavage
extent, whereas the
et al.®? betieved that
'pe — and possessing
1 a common ancestral
* their amino acids in

| as in organs, lears,

\ the organs of cattle.
using acetone powder
yd of Cherkasov and
%; thymus, 80 mg/kg
tated; lungs, trace and
ount of lysozyme was
ty chromatography on

Volume 26, Issue 4 (1988) 367

deaminated chitin to isolate and study its properties. Tt was homogeneous and thermostable
in acid and had a maximum activity at pH 6.4 and 0.125 M ionic strength. The activity of
spleen lysozyme was 70% that of egg albumen lysozyme. Panfil-Kuncewicz and Kisza™
tested the lysozyme content of cow and human milk and colostrum. The range for cow
colostrum was 00,12 to 0.84 pg/m¢ and for cow milk 0.23 10 0.29 pg/m¢é; no definite trends
among breeds or time were noted. The range for human colostrum was 37 to 91 pg/m¢é and

~ for human milk 15 10 60 pg/m¢; again there were no definite trends. It also has been found

that human milk lysozyme has approximately the same molecular weight as that derived
from egg white, but has twice the specific activity. Chandan et al.”" reported bovine milk
contained 0 1o 260 pg of lysozyme activity with an average of 13 pg/100 mé of milk.
Shuhani et al.”™ and Chandan et al.”™ found human milk contained 39 mg/100 m¢ of milk.
The conflict in the amount of lysozyme from various sources is due to varying methods of
analysis and variations among the same type of samples. Senft et al.™ tested lysozyme
activity in black-pied cow milk at 14-day intervals. Lysozyme concentration in milk increased
from 0.16 1 0.32 pg/mé during lactation, and there was a significant increase in mean
lysozyme concentration between lacations | and 2, 3 and 4, and S and 6 in cows with
heaithy udders.

Ereifej and Markakis™ isolated lysozyme from cauliflower. Testing the lysozyme content
of several fruits and vegetables, Chandan and Ereifej™ found the average lysozyme content
(ug/me) of juice to be cauliflower, 27.6; rutabaga, 8.9; papaya, 7.9; cabbage, 2.3; kohlrabi,
3.3: red radish, 4.8; white radish, 4.5; wmip, 1.8, parsnip, 1.6; and broccoli, 8.1. Many
of the plants that exhibited lysozyme activity were from the family Brassicaceae. Of the 24
other vegetables and fruits lested, none showed lysozyme activity.

D. Extraction and Quantitation

Atdenon et al.” developed the classic method of lysozyme extraction. Lysozyme was
absorbed on bentonite (a montmoritionite clay), and elution of inactive contaminating proteins
was done with successive washings of phosphate buffer (pH 7 to 8) and 5% aqueous pyridine.
Elution of lysozyme was accomplished with pyridine-sulfuric acid solution at pH 5. The
eluate was dialyzed and freeze dried. A white powder containing 85 to 90% of the lysozyme
in egg white was obtained. Alderton and Fevold™ improved the method and crystallized
lysozyme as the salt of several acids and directly from egg white using 5% NaCl. This
method has the advantage that other important proteins may be isolated from the same raw
material, but has the disadvantage that more than 4 days and several crystallizations are
required to achieve yields of 60 to 80% of the total lysozyme in egg white in a pure form.

Matsuoka et al.” accelerated crystallization of lysozyme from egg white by addition of
nonionic surfactants, poly-(alkylene glycol), or lower alkylene glycol. These researchers
used up to 5% NaCl, which they added to egg white homogenate at its isoelectric point of
pH 9.5 for 4 days at 4°C. The lysozyme precipitate was dissolved in dilute HC! (pH 4.5)
and filtered. To 180 m¢ of filtrate containing 2.0% lysozyme and 3.6% impurity were added
20 mé of 20% Nikkol NYS-25poly-(oryethylene)-monosterate made by Nikko Chemical
Company, and NaCl up to 5%. The solution was left to stand at 3°C for 6 hr at a pH of
4.5 10 give a yield of 95.6% crystalline lysozyme chioride.

Many of the methods developed to isolate 1ysozyme have used adsorption on chromatog-
raphy columns. One of the first sorbent materials used was chitin, but new and improved
materials have been developed. Cherkasov and Kravchenko® found glucochitin, obtained
by deamination of chitin (DECH) from crab shells, to be a more specific sorbent for lysozyme
than chitin because of the absence of ion-exchange properties. The yield of lysozyme from
the egg white of one egg was 100 to 120 mg. Weaver et al.,® also using DECH rather than
chitin, found that it had a high specificity and capacity for lysozyme (squid DECH more so
than crab DECH), along with good stability, and allowed fast flow rates. Using the above




uo » . o ‘.2"§

YT

Table 1: Antibacterial activity of ty y bacteriat
(Agar well methoc) Results of Represenuitive trials

Test organism Concentrauon of lysozyme

Spymt 10 pgmi 20 ug/mi 100 uymi 200 »9'mi 1000 ugimi
Mrococcus isodeticus Nmm 2mm 25mm 25 mm 245mm 23 mm
Staphytococcus aweus - Mo 4Smmo 152mm MBmm 146mm
Bacwss ceveus - ~ - - - -
Eschencha cok - - - - - .
Saimoneda lyohosa - - - - - .
Shegeta Cysenienae - - - - - -
Proleus vulgans - - - - - -
Pseudomanas aetugnosa - - - - - -
- No ntubition,

The quantitative estimation of the action of lysozyme by standard plate
count method against Micrococcus lysodeikticus indicated that the
bacterial count for the control was 34 x 10 and 30 x 10 organisms/mil at
Oand 12 hr respectively (Table 2). The cells of Micrococcus lysodeikticus
treated with the lysozyme exhibited a decreasing trend i. e. 28 x 10
cells/ml after 12 hr incubation. The lysozyme treatment showed 90.6 %
inhibition of the test organisms by standard plate count method,

Table 2: Ettect of lysozyme (10 #g/ml) on the growth of
Staphylococcus aureus in reconstituted skim milk

Time (hr) SPC log,,
Control Experimental
0 343 3.50
1 3.68 3.04
2 4.39 4.08
a 57 5.41
6 6.69 6.29
8 7.61 7.30
12 9.46 9.10

Growth intubition

Data regarding the effect of lysozyme (10 ug/ml) on the growth of
Staphylococcus aureus ghowed 56 % inhibition in growth (Table 3).
Similar observations have been noticed by KARN et al. (9) regarding the
nhibitory action of lysozyme on Staphylococcus aureus.

Tavle 3' Qualitative estimation of antibacterial activity
of lysozyme against difterent species
Nakamura's Technique

Test organism Ootical density at 540 nm
I Contiot Expenmental Percent
@t hn wilhoul iwthaddtion  ihibition
lysozyme of lysozyme  of lysueyme
10 wg'my
£ - 020 0.12 b
030 [N o0 ¥
Nl hom s X 0.12 00¢ B
Snaeny oy sentenge [ 4] 0.09 00s 192
Praieus vuigans [N 0 on
Pseugomons acug rusa 030 02 0K &2z

There was 190 %4 infabition WD Mictocovcus iy Sodeticus.

Tne antibacterial activity of lysozyme on resistant organisms was record-
ed by modified Nakamura's technique (Table 4). Maximum inhibition by
lysozyme was observed with Bacillus cereus, which was followed by
Pseudomonas aeruginosa, Proteus vulgaris, E. coli, Salmonella typhosa
aiiC Shigelia dysenteriae in the decreasing order of inhibition. The
present findings are in accordance with the observations of GRULA and
HARTSELL (6) in gram-ve bacteria. It may be inferred that low pH
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Nr. 4
Tabie 4: Quantitative of antib. ial activitiy of 1y y against
different bacterial species -
(Nakamura's technique)
Test organesm Opical density al 540 am
il Control Experwrental Percent
(@0 hg withou! Wil a0don ahbibion
. lysozyme of fysozyme due to
“ooreilugm 3monof
hS$2Zyme
Bacuss ceveus .0 020 0 W
E cor 03 020 007 %5
Samonsila tyanosa 030 018 008 B4
Shuigena dysentenoe 03 0x 004 192
Proteus vingans 03 023 on (B
Pseudomonas aevupnosa 03 022 0 52

Thate was 100 % NDION with Micrococcus lysodemtcus

potentiates the activity of lysozyme due 10 the release of the substrate
from a bound state within the cell wall.

The effect of alkali presumably results trom hydration and dispersion of
cell proteins following removal of lysozyme substrate.

Zusammenfassung

In der vorliegenden Arbeit sofite die antibakierielle Wirkung von Lysozym
aus Eiklar auf einige pathogene und verderbniserregende Mikroorganis-
men geprift werden. Qualitativ erfoigte die Feststeliung einer Hemmung
mit der Agar-Loch-Technik. Der inhibitorische EinfluB von 10 ng/mi
Lysozym wurde fiber die Ermittlung der koloniebildenden Einheiten
quantifiziert und erbrachte fir S. aureus eine Hemmung von 4o %. Be
anderen Bakterien (Bacilius cereus, E. coli, Salmonelia typhosa. Shigella
dysenteriae, Proteus vulgaris und Pseudomonas aeruginosa) resultierten
unter Anwendung einer modifizierten Nakamura-Technik Hemmungen
von 77,7 %, 56.5 %, 45.4 %, 19,2 %, 63,1 % und 69,2 %.

Summary

The antibacterial activity of egg white lysazyme has been Sluded against
the common pathogens and food spoilagn organisms Agar well method
was used for qualitative estimation of inhibiory activity of lysozyme.
Quantitative estimation of 10 ug/mi fysozyme by standarg plate count
showed 56 percent inhibition against 8. aureus. In case of ather organ-
ISMs viz., Bacillus cereus, E. col Salmonella typhosa, Shigella dysente-
riae. Proteus vuigaris and Pseudomonus aerug 1iusa by modilied Naka-
muri’s technique showed 77.7 %. 56.5 %, 45.4 %, 19.2 %, 63.1 % and
69.2 % inhibition respectively. .
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procedure, researchers obtained a 99% recovery of lysozyme in fresh egg white, human
blood, human milk, goat milk, and a commercial hen egg white lysozyme preparation.

Bailon and Nishikawa*' found lysozyme {0 bind well to pheny! structures through non-
specific hydrophobic adsortion. Lysozyme was purified on agarase derivatives containing a
phenylacetyl ligand. The phenylacetylagarose is a general affinity sorbent bearing a ligand
of nonbiochemical origin in contrast to those which use nucleotide cofactors. Femandez-
Sousa et al.* extracted lysozyme from hen egg white by gel filiration chromatography on
agarose columns. This medium was selective for lysozyme because the protein interacted
with the agarose matrix and eluted later than the corresponding total volume for the column.

Again improving on the ion-exchange resin technique, Ahvenainen et al.* found a simple
method that required no pretreatment of egg white other than homogenization. Because of
the high viscosity of egg white, it was first adsorbed onto the resin by a batch tank process,
followed by washing and elution of the enzyme in a column operation, which achieved an
almost 100% recovery of lysozyme. A Japanese procedure patented by Ezaki Glico Eishoku
Co.* processed egp whites for lysozyme by treating them with specific swelling starches,
which adsorbed the lysozyme. A method to concentrate and fractionate egg white by ul-
trafiltration was developed by Peri and Feresini.®® Lysozyme retention varied according 1o
membrane size and temperature. A 93% yield was obtained from 0.388 to 0.477 mg/mé
using the SM 115-33 membrane. Ghielmeiti and Trinchera® developed a method where egg
white was contacted with 2 weakly acidic jon-exchange resin at pH 6 to 7 and then eluted
with salt solution lo remove contaminating proteins. The salt concentration was increased
and the lysozyme eluted.

Li-Chan and Nakai*® used cation-exchange chromatography to separate lysozyme from
egg white that still retained high functionality. A macroporous weak resin was chosen from
various possible strong and weak acid exchangers based on its relatively low cost, high
lysozyme recovery, and potential for continuous use. Polyacetylamide gel electrophoresis
yielded a lysozyme fraction of high purity, except for possible coelution of avidin, and a
protein valued for analytical applications. The lysozyme-free egg white posessed superiog
whipping, geling, and emulsifying properties.

Hen egg white is the major source of commercial preparations of lysozyme. Wilkinson
* and Dorrington'? described a procedure to remove lysozyme from crude egg white left in
broken shells at egg-breaking plants. This protein-rich residual white, unsuitable for human
consumnption, has been used for stock feed supplementation. Extraction of lysozyme from
waste epg white would give the producer a more economical byproduct. The egg white was
heat coagulated and centrifuged. The lysozyme stayed in the whey or supernatant where an
jon-exchange procedure was used to isolate the enzyme on a.cation exchanger using strongly
acidic sulfopropy! form on ~C,H,SO,- (SP-Protion) exchange medium.

Other procedures for the isolation of lysozyme have been developed for systems other
than egg whites. Their purposes were to demonstrate the role of lysozyme as a pharmaceulical
and to gain knowledge of lysozyme content of different sources rather than to develop an
industrial lysozyme preparation procedure. Germaine and Tellefson’ developed a method
for removing lysozyme from human saliva; Parry et al.® isolated lysozyme from human
milk; and Pavlovskii and Danilova®® developed a method for isolating an edible lysozyme
preparation from meat industry wastes. .

One of the oldest and most widely used procedures for quantitating lySozyme involves
the reduction in turbidity of 2 suspension of dried M. lysodeikticus cells in the presence of
lysozyme, measured spectophotomelrically in an aqueous buffer solution. The activity of
the enzyme preparation was recorded as the initial rate of clearing of the turbid suspension,
one unit of activity being equal to a decrease in absorbency at 450 nm of 0.001/min at pH
7.0 and 25°C.* Parry et al.*® also used a method that utilized a 50% suspension of UV-
killed and lyophilized M. lysodeikticus cells in phosphate puffer at pH 6.2, using a 03 M
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20,7 % signifikant hoher ais der von Nordseekrabben in Aspik mit
15.8 %. Als Ursache dafir kommt der hohere Wassergehalt der dem
Laketad entnommenen . Tietseekrabben" in Frage. Schon nach Htagi-
ger Lagerung waren die im wesentlichen auf Wasserubertritt aus den
Krabben beruhenden Austauschvorginge praktisch abgeschiossen.
Danach traten signifikante Gewichtsverdnderungen nicht mehr auf. Ein-
flusse der Lagerungstemperatur (4 bzw. 11 °C} lieBen sich nicht erken-
nen. Wie vergleichende Untersuchungen von Krabben mit und ohne
Aspik zeigten, ibte der Aspik einen konservierenden Etekt aus, so dafl
Cie Lagerfahigkeit bis zu 4§ Tagen bei 4 °C ohne QualitatseinbuBen
gewahrieistet war.

. Summary .
Shrimp in jelly, manufactured under practice conditions, were stored at 4
and 11 °C up to 45 days. The loss in weight of shrimp from Indo-Pacific-
Origin was with an average of 20.7 % significantly higher than the loss in
weight of shrimp coming from the North Sea with 15.8 %. The higher
water content of the shrimp from Indo-Pacific-Origin taken from the brine
might be the cause for that, After having stored the shrimp for 1 day, the
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exchange processe:
already finished. The
anymore. Influences

were not found. A: 2 5

without jelly showed " e o = ro==wiswny wusu U UIdL @ STOTage
was guaranteed up to 45 days at 4 °C,
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AT Antibacterial activity of lysozyme against some common food poisoning organisms

By Harish Chander, Kusam Lata,V.K.Batishand K. L. Bhatia

Dairy Microbiology Division, National Dairy Research institute, Karnal.

Introduction

Lysozyme catalyses the lysis of certain bacteria by hydrolysing the g8
linkage between murainic acid and glucosamine of glycopolysacchari-
des of the bacterial cell wall. This antibacterial substance is present in
several biological systems, notably in tears, nasal secretions, blood,
saline, kidney, spleen, bacteria and milk (3, 4, 7, 8, 14, 15, 17). Although
antibacterial activity of €9g white tysozyme against Gram+ve bacteria
has been studied by several workers (5, 8, 12, 16), the susceptibility of
Gram-~ve bacteria towards lysozyme has not been tharoughly investiga-
ted. The nformation regarding the anubacterial activity of lysozyme
towards potential food poisoning organisms has been rather scanty
except few scattered reports hy PETERSON and HARTSELL (10) and
REPASKE (11). Hence. in the present investigation, an attempt has been
made to determine the antimicrobial potentials of lysozyme against
some commonly occurring food poisoning including gram-ve ones in
milk and milk products.

Materials and methods
Source of Enzyme

Egg white lysozyme was procured from Sigma Chemicals and used
without punfication for determining its antimicrobial activity.

Culture

The following test organisms used in the study were procured from Post
Graduate Institute of Medical Sciences, Chandigarh. Bacillus cereus, E,
coli, Salmonella typhosa Shigelia dysenteriae,” Staphylococcus aureus.
Proteus vulgaris, Pseudomonas aeruginosa. Micrococcus lysodeikticus
was used as a standard culture for determining the inhibiting activity of
lysozyme.

Maintenance of different bacterial cultures
All the test organisms were maintained on nutrient agar sfants except for
S. aureus, where BAIRD-PARKER medium was used. These were sub-
Cultured reguiarly at weckly intervals.

Medium for antibacteriat activity of lysozyme
Brain heart infusion agar containing 3.7 % Difco dehydrated brain heart
infusion agar, was used for the qualitative estimation of antibacterial
actvity of lysozyme by agar well method.
For quantitative estimation of antibacterial activity of lysozyme. BAIRD-
PARKER medium was used for the growth of Staphylococcus aureus.

Qualitative estimation of antibacterial activity of lysozyme
1 ml of 50 % cell suspension of the test cultures was inoculated into
brain heunt infusion medium (10 ml) andppured into sterilized petn
plates. Four wells of 0.4 mm diameter were made in each plate and wells
were filled with difterant concentrations of lysozyme. The different con-
centration used were 5 ug/mi, 10 wg/ml, 20 ug/mi, 100 ug/ml and

200 ug/ml. Then the plates were kept for incubation at 37 °C for 24 hours
for the appearance of zones.

Quantitative estimation

Two assay bottles containing 99 mi sterilized skim mikk were inocutated
with 1 mt of 5Q % cell suspension containing approx. 10°-10* cells. In
one of the bottles. 1 mi of lysozyme was added to give a final concentra-
tion of 10 ug/mt ini the medium. The second bottle was kep! as control, in
which 1 ml of steriized glass disteled water was added instead of
iysozyme solution. Assay botlles were incubated at 37 “C and the counts
were recorded at different time intervals i. e. 0,1,2,4,6,8and 12 hrs.
The percent growth inhibition was calculated using the formula of
BISHOP et ai. (2).

% Growth inhibition

_ ISPCQ-12 1rs control) ~ (SPCO-12 hrs experimental) x 100
(SPC0-12 v Cortrol)
When (SPC0-12 hr Control) = (SPC at 12 hr) - (SPC at 0 hr) for the
control assay
(SPCO-12 hr experimental) = (SPC af 12 hr) = (SPC at 0 hr) for the
experimental assay (added lysozyme).

Modified Nakamura technique
To the tubes containing 2 mt of 10 1g/ml lysozyme in water (adjusted 10
pH 3.5), 2 m! of cell suspension were added to give an optical density of
0.30 and incubated for one hr at 45 °C, Sutficient amount of 0.1 M NaOH
was then added 1o adjust the system to pH 10.0-10.5. One controt was
kept i which lysozyme was absent. Optical density was read immedi-
ately and percent lysis was calculated as follows:

% lysis = {O-Dinitiat-experimental) - (O.Dinitiat-control)
(O.Dinmal-experimentat)

Results and Discussion

Micrococcus lysodeikticus and Staphyiococcus aureus were inhibited
with different concentrations ranging from 10 .g/ml, 20 #g/ml, 100 ug/
mi, 200 pg/m! and 1000 ~#g/ml of lysozyme (Table 1). On the contrary,
Other organisms namely Bacillus Cereus, E. coli, Salmonella typhosa,
Shigelia dysenteriae, Proteus vulgaris and Pseudomonas aeruginosa
exhibited resistance to the action of 1000 ug/mi of lysozyme. Similar
observations have been recorded by ARAKI et al. (1). A close correlation
exists between the content of N-acetylated glucosamine residues in the
peptidogiycan component and the restistance of cell wall to lysozyme.
From the present study, it may be evident that gram-ve organisms were
not inhibited by the action of lysozyme. These observations are in
consistent with the reports of SALTON (12, 13) indicating that the
presence. of lipoprotein layer in gram-ve organisms accounts for the
resistance to the action of iysozyme.
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NaCl solution to enhance enzyme activity. The materials were added to a cuvette in the
following proportions: 1.5 m¢ of the cell suspension, 0.5 m¢ of NaCl solution, and 1.0 mé
of enzyme solution, making an effective concentration of 0.05 M NaCl and 25 mg % cells
in the enzyme assay mixture. The mixture was stirred momentarily and the rate of clearance
measured spectrophotometrically. The initial transmittance of the assay mixture was ap-
proximately 10%. Spectrometer readings were done at 540 nm and no particular time was
necessary for the measurements, but the rate of clearing of the suspension by lysozyme had
to be linear. Tsumuraya and Hidaka® improved on the method by carrying it out turbidi-
metrically at a higher temperature (60°C) and for 2 longer time (60 min) than in the con-
ventional method. In order to stimulate the lytic activity of lysozyme, small amounts of
nonionic surfactant and NaCl were added 1o 0.066 M phosphate buffer at pH 6.2. This
procedure made it possible to determine the lytic activity of hen egg white lysozyme at a
concentration uf O to 15 mg/mé of reaction solution.

Weaver et al.® assayed lysozyme activity with a modification of the method used by
Karz.*" A suspension of heat-killed M. lysodeikticus cells, 30 mg/mé, was made in 0.66 M
phosphate buffer (pH 7.0). The suspension was slurried continuously until the assays were
completed. Using a Vortex stirrer, 10 u€ of lysozyme solution 1o be assayed was mixed
with 3 m¢ of A. lysodeikiicus suspension in a cuvette and read at 450 nm in a Spectronic®
20 spectrometer set at 0.500 absorbance. Optical density (OD) was taken every 30 sec for
2 min. A decrease in absorbance of 0.001/min was taken as one unit of enzyme activity (U)
and the results were expressed as units/m¢€ calculated as

OD/m¢
0.001 OD/min x 0.01 mé

Umé =

This method required that samples of high lysozyme content be diluted and M. lvsodeikiicus
cell suspensions be prepared fresh daily to obtain accurate results.

D'Orazio et al.*? used lwmg bacterial cells of M. lysodeikticus as substrate for lysozyme
activity. The cells were loaded with a marker, trimethylphenylammeonium ion, which was
released through the action of lysozyme upon the cell wall. The rate of ion release was
monitored with a highly selective membrane electrode and related to the concentration of
enzyme present.

Watanabe** quantitated lysozyme by a modified method of Kakizaki’s turbidimetric as-
say.® This method was used to quantitate lysozyme in saliva where lower concentrations
are found. A total of 3 m¢ of 0.1% M. lysodeikticus in 0.066 M phosphate buffer, pH 6.0,
and 3 m€ of sample in 0.066 M phosphate buffer, pH 6.0, containing 3% bovine serum
albumen (the bovine serum albumen stabilized the centrifuged salvia lysozyme in the ho-
mogenate and precipitate) were separately preincubated at 37°C for 5 min, mixed, and
incubated again at 37°C for 10 min. The OD was measured at 640 nm. Initial M. Iysodelkncu.r
sample solution should be approximately 10% transmission.

Galyean and Cotterill** developed a method to measure total lysozyme and not only the
biologically active enzyme. Pure lysozyme was chromatographed on diethylaminoethyl
(DEAE) cellulose, then monitored spectrophotometrically and by biological activity meas-
urement. Some biological activity was lost during chromatography, but standard curves
relating enzyme content to chromatographic peak area cormrected the loss. ’

Another procedure for determining lytic activity is the agar plate method where clear
zones on agar plates seeded with M. lysodeikiicus indicate lytic activity. Katz et al.®
developed an agar plate method to determine lysozyme in mammalian milk: 1.50 g agar
(Difco Bacto-agar), 0.2 g NaCl, and 0.002 g M. lysodeikticus (heat-killed, dried cells) were
dissolved and suspended in 100 m¢ potassium phosphate buffer (pH 7.0) by heating to 90°C
with magnetic stisring and without bubbling. The preparation was then cooled to 65 to 70°C
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and poured into or over a suitable glass plate to give 2 layer 2 mm thick. The agar was
cooled and 1-mm holes or wells about 2 cm apan were punched into the agar layer with a
transfer pipette. The holes nced not penetraté the agar completely. A standard calibration
curve was prepared by dissolving increasing amounts of pure hen egg white lysozyme in
distilled water; 10-p.€ aliquots of lysozyme solution were placed into the wells. The plate
was then covered and left standing at room temperature for 3 hr. A clear zone of lysed
bacterial cells appeared around those wells containing lysozyme at concentrations greater

" than 0.0725 ne/10 mé. Sensitivity of the method increased with longer standing. The

logarithms of the clear zone diameters, including the 1-mm wells, were directly proportional
to lysozyme concentration. They were plotted as a straight line on semilogarithmic paper.
The logarithms of the diameters of the clarified zones obtained with mammalian milk
lysozyme extracts were converted to lysozyme content with the aid of the calibration curve.
The results were expressed in units of hen egg white lysozyme. Vakil et al.”” used a disk-
assay lechnique t0 quantitate lysozyme; 8 m¢ of melted nutrient agar or any other medium
suitable for the growth of a cerain test organism, inoculated with 1% of 18- to 24-hr-old
nutrient broth culture of an organism under investigation, was poured into a sterile petri
dish. Upon solidification of the seeded agar, a sterile filter paper disk of 12.7 mun in diameter
was dipped into 0.1% lysozyme solution and placed on the seeded agar surface. The plates
were preincubated at 10°C for 2 hr to allow the lysozyme to diffuse into the agar and then
incubated at the temperature that was optimum for the test organism. Plates were incubated
for 16 to 18 hr and diameters of zone inhibition were measured.

The agar plate method was improved by Gosnell et al.™ 10 handle lower concentrations
of lysozyme so that 5 pg of egg white lysozyme per 100 m¢é of sample could be determined
in 3 hr. The plates were first stained with 0.5 g of buffalo black in 100 m¢é of 7% acetic
acid. followed by destaining in 7% acetic acid until satisfactory contrast between the clear
zones of lysis and the surrounding seeded agarose was obtained. The researchers found that
standard egg white lysozyme solutions remained stable for 7 or more days at 5°C. They
noted that the best lyso-plate method included 1.0 g agarose with 0.1 g NaCl in 100 m¢ of
a pH 7.0 phosphate buffer seeded with 0.020 g of M. Iysodeikiicus and incubated for 3 hr
at 47°C.

A drop method for determination of micrococcal and staphylococcal sensitivity to lysozyme
was developed by Safonova et al.,% who claimed the method 1o be simpler and more
economical in comparison to serial dilutions in agar and capable of detecting single strains.

E. Enzyme Substrate Reaction of Lysozymes

Lysozymes are effective at lysing bacterial cell walls because they split the linkages in
which the carbon | in N-ucetylmuramic acid (NAM) is linked to carbon 4 in N-acetylglu-
cosamine (NAG). These residues are linked together in an alternating fashion, with the bond
suitable for lysozyme splitting occurring in every fourth residue (Figure 3). In the cell wall,
these molecules are linked together by B(1-4)glycosidic linkages in long polysaccharide
chains. The polysaccharide chains are cross-linked by short lengths of polypeptide chain
and attached 1o the NAM residues through the luctyl side chain attached to carbon atom 3
in each NAM ring. '

The method by which lysozyme lyses its substrate has been defined by Phillips.' A
lysozyme molecule atiaches to the bacterial cell wall by interacting with six exposed amino
sugar residues connected by B(1-4) linkages that join the fourth and fifth rings of the
polysaccharide chain. In the process, the fourth sugar residue is distorted. Second, glutamate
residue 33 of lysozymes (ransfers its terminal hydrogen atom in the form of a hydrogen ion
10 the glycosidic oxygen, thus bringing about cleavage of the bond between the oxygen and
carbon atom | of the fourth sugar residue. This creates a positively charged carbonium ion
(C ) where the oxygen has been severed from atom | of the fourth ring. Third, this carbonium
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FIGURE 3. The swructure shown is of the polysaccharide molecule found in the cell walls of cenain
bacteria containing the glucose-like amino sugars N-acetylglucosamine (NAG) and N-acetylmuramic
acid (NAM) placed aliemately in the chain bound by B(1-4) glycosudic linkages. These chains are cross-
linked in the bacterial cell wall by short lengths of polypeptide chain connected between NAM residues
through the lactyl side chain attached 1o carbon atom 3 in each NAM ring. Six residues fit into the
active site of the lysozyme molecule where glutamic acid (residue 35) and aspartic acid (residue 52) of
the lysozyme are involved in the cleavage of the bacterial celt wall polysaccharide. '+

ion is stabilized by its interaction with the negatively charged aspartic acid side chain of
lysozyme residue 32 until it can combine with a hydroxyl ion (OH ~) that happens to diffuse
into position from the surrounding water, thereby completing the reaction. The surrounding
walter also supplies a H™ ion 1o replace the one lost by residue 35. The Iysozymc molecule
then falls away, leaving behind a punctured bacterial cell wall.'

Three antigenic sites are found on the lysozyme molecule, and their exact boundary,
residue, conformational, and directional definitions are described by Atassi and Lee.'™ The
amino acids involved in the three sites can be seen in Figure 1. Schindler et al.'®" studied
the role of ground-state strain in subsite D in hen egg white and human lysozymes during
lysozyme catalysis. Subsite D is described as the fourth subsite from the nonreducing end
of at least six GlcNAc (N-acetyl-D-glucosamine) moieties in an amino sugar polysaccharide
and is the site of bond cleavage. Previously, it was thought that stress in subsite D was
responsible for a reduction of the activation energy for bond cleavage in the enzymatic
reaction by 3 to 10 kcal/mé,'®? but Schindler et al.'” concluded that stress in subsite D has
been overestimated and accounts for only a small pan of the observed catalytic effect of the
enzyme. Using oligosaccharides containing N-acetylmuramic acid, N-acethyl-D-glucosa-
mine, or N-acetyl-D-xylosamine bound in subsite D, the researchers found no strain involved
in the binding of N-acetyl-p-glucosamine, but that the lactyl group of NAM (rathér than the
hydroxymethy! group) is responsible for the apparent stress previously reported for binding
at this subsite. The dependence of saccharide binding on pH or on a saturating concentration
of Gd(I1) und fluorescence difference spectra of the various hen egg white lysozyme sac-
charide complexes suggest that the conformations of several of the complexes are different
from one another and from those proposed previously for a productive complex.

Morozoi and Morozova,'® and Morozova and Morozoi'® studied the elastic properties
of the hen egg white lysozyme crystal and found that the lysozyme molecule consisted of
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two rigid domains connected by a flexible link. The binding of N-acetyl-D-glucosamine in
the active-site cleft was accompanied by an increase of about 40% in the interdomain rigidity.
Nakanishi and Tsuboi'® and Nakanishi et al.'* also studied the fluctuation of the lysozyme
structure.

Kato et al.'” studied the refolding kinetics of hen egg white lysozyme spectrophoto-
metrically and conctuded that the kinetics indicated strict biphasic behavior.

F. Lysozyme Complexes

Lysozyme formis complexes with other components and is often rendered inactive. The
importance of lysozyme complexes in €g8 white was discovgred when it was noticed that
a small amount of yolk within the egg white drastically reduced the volume of the egg white
foam. e The reason was not apparent until much more work was done with the various egg
white proteins. Fleming and Allison'?” reported that a mixture of egg white with an equal
amount of yolk resulied in the loss of antibacterial action except against M. lysodeikticus.
Dehydrated whole egg retained only part of its lysozyme activity.'* Cunningham and
Cotterill'"! showed that egg yolk inactivated purified lysozymcv inapH 6.2 phosphate buffer.
Cunningham''? and Cunningham and Cotterill'"' observed a change in the ion-exchange
chromatographic patterns of lysozyme in egg white contaminated with yolk. There were
only two lysozyme peaks in yolk-comaminulcd epg white compared with three peaks in
uncontaminated egg white. A total lack of lysozyme in the chromatographic separation of
whole egp wis reported by Parkinson.'"

Galyean et al.'" performed 2 battery of iests in which they found that 10% yolk totally
inhibited lysozyme during the first minute of reaction, but lysis still occurred after longer
reaction times. Activity at various pH levels between 5.0 and 9.0 in egg white containing
5% yolk paralleled that of yolk-free egg white. Maximum activity was observed about pH
8. Centrifuging increased the lysozyme activity in supernaiant containing yolk at pH values
of 5 10 8. Both salt and urea partially reactivated yolk-inhibited lysozyme. Both compounds
dissociate electrostatic complexes. Lipovitetlin (egg yolk comnponent) inhibited lysozyme
activity. These data led researchers to suggest that the mechanism of inhibition involved
clectrostatic interaction between lysozyme and yolk components.

It is well known that the B(1-4)linked polymer of N-acelyl-o-glucosaminc is a substrate
of lysozyme. The pentamer and higher polymers areé readily cleaved by lysozyme, but
monomer, dimer, trimer, and tetramer are bound by lysozyme tp form complexes with longer
lifetimes and are inhibitors for lysozyme."*!"? ‘

Sodium dodecyl sultate (SDS), a detergent, forms a stable complex with lysozyme without
causing a gross confornational change in the enzyme molecule, but some. SDS binds to the
active-site cleft and strongly inhibits its activity. Hydrophobic regions and positive charges
from the protein side and 2 hydrophobic tail (possibly more than eight carbons in alky! chain)
. and a negative charge from the 'detergent side were required for formation of the complex.'*
Blake'"’ reported that the lysozyme molecule unfolded when SDS was present, yet the four
disulfide bonds remained intact.

Other substances with which lysozyme forms complexes include thymus nucleate and
yeast nucleate,"* bovine plasma albumen,'"” ovomucin, ‘2! conalbumin,'?? ovalbu-
min, 13313 thyroxine of thyroglobulin,'** imidazole and indole derivatives such as histamine
and indole-3-propionic acid,'®® and insulin.'”’

Polyvalent cations in solution and divalent cations such as cobalt (CO*H,'™ mangancse."’
mercury,'* and copper'?! inhibit the enzymatic activity of hen egg white lysozyme, although
only at relatively high concentrations (10-2 10 107 M). Teichberg et al."™ found that copper
inhibited noncompetitively, with an inhibition constant Ka = 38 x 1072M7%. Beddell et
al.'» found that iodine irreversibly inactivated hen egg white lysozyme in small amounts at
acid or neutral pH. Metal ions seem 10 bind carboxy! groups of Glu-35 and Asp-52 in the
active site of the enzyme.'?
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TABLE 9.
MINIMUM INHIBITORY CONCENTRATION (ug/mL) AT DIFFERENT pH'S OF A
COMBINATION OF BUTYLATED HYDROXYANIZOLE (BHA) AND TRIGLYCEROL 1.2
LAURATE (TGL) WITH AND WITHOUT AN EQUAL CONCENTRATION OF EDTA

BHA + TGL BHA + TGL + EDTA

Organism
pH 7 6 5.5 5 7 6 5.5 5

Gram-positive

Bacillus cereus 17 123 48 15 <4 44
B. licheniformis UG 150 48 22 <4 54 27 11 <2
B. subtilis 22 139 53 26 <4 50 37 21 <2

26 14 <2

Lactococcus lactis NCK400 66 53 33 15 44 45 29 16
Listeria monocytogenes 262 130 110 39 144 97 65 31
Scott A
Staphylococcus aureus 97 62 42 14 73 66 42 24
ATCC 6538

103 97 48 <4 61 58 24 <2

S. epidermidis ATCC12228

Gram-negative

Enterobacter aerogenes 551 580 262 245 190 290 251 218 165
Eschertchia coli O157:H7 1160 363 300 160 336 218 204 165
Pseudomonas aeruginosa >3170 >3170 >3170 1160 >790 500 437 220

ATCC 9027

P. fluorescens 545 >3170 200 66 <4 450 110 45 <l
P. putida 515 >3170 >3170 200 <4 218 190 60 <1
Salmonella ryphimurium 617 1340 475 280 125 325 218 190 165
Yersinia enterocolitica RS29 262 170 125 75 140 115 62 11
Y.ruckeri ATCC 29473 140 75 <4 <4 100 36 <2 <2
CONCLUSION ‘

No one combination of antimicrobial agents tested effectively inhibited both
Gram-positive and Gram-negative bacteria. However, their efficacy was greatly
enhanced when combined with EDTA at low pH (< 5.5) or high (=4 %) NaCl
concentrations. The results indicate that lysozyme and monolaurin could be used
as one of a number of hurdles to prevent the growth of spoilage and pathogenic

bacteria in foods. -

ACKNOWLEDGMENTS

Dr. Razavi-Rohani is grateful to the University of Urmia for providing
sabbatical funding. Dr. Griffiths would like to acknowledge the financial support
provided by Dairy Farmers of Ontario and the Natural Sciences and Engineering
Research Council of Canada. The authors thank Dr. Jon Kabara, Lauricidin
Inc., Dr. Basil Kamel, formerly of Atkemix Inc. and Canadian Lysozyme Inc.
for generously providing the samples used in this work.




ine in
3idity.
dzyme

photo-

e. The
:d that
1 white
s egg
1 equal
‘kticus.
m and
buffer.
change
‘e were
eaks in
ition of

. totally
- longer
Jtaining
sout pH
1 values
1pounds
1sozyme
nvolved

;ubstrate
me, but
h longer

; without
ds 1o the
: charges
yl chain)
nplex.'"*
- the four

leate and -

ovalbu-
jistamine

ianese,'”
although
\at copper
Jeddell et
mounts at
.52 in the

BRN

,.‘.
PR
v

AR

[

Volume 26, Issue 4 (1988) 373

Yajima et al.,'> while studying the effect of lysozyme on hiochi bacteria in sake, found
that lysozyme was inhibited in the presence of either peptone, beef liver extract, or boiled
soybean which were usually added to culture media as growth-promoting substances. Lin'**
found that the reaction of hen egg white lysozyme with 1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide resulted in the modification of 8 of 11 carboxyl groups and destruction of cell
wall lytic activity.

II. EFFECT OF LYSOZYME ON SOME BACTERIAL STRAINS

In order 1o better understand how lysozyme will function as a preservative in foods, it is
important to see how it affects certain strains and types of bacteria.

Salton'® studied the fragments derived from the action of lysozyme on the lysozyme-
sensitive bacteria M. lysodeikticus, Sarcina lutea, and Bacillus megaterium. A review of
the studies of lysozyme action on microorganisms was done by Saiton in 1957."7 The
present review focuses on more recent experimentation and on lysozyme as a preservative
and therefore does not include many of the references cited by Salton.'?’

Salton and Pavilik'™ used various Gram-positive bacteria to study the degree of suscep-
tibility of their cell walls to lysozyme. They studied Gram-positive strains of Bacillus,
Corynebacterium, Lactobacillus, Micrococcus, Sarcina, Sporosarcina, Staphylococcus, and
Streptococcus. The isolated walls from all the organisms were sensitive to lysozyme. Staph-
ylococcus aureus cell walls were the most resistant, with a percent turbidity reduction in 24
hr at 37°C of 9%. Cell wall isolates from Bacillus organisms had turbidity reductions ranging
from 5! 10 95%; Corynebacterium, 92%; Laciobacillus arabinosus, 22%; Micrococcus, 72
10 98% (M. lysodeikticus was 98%); Sarcina lutea, 98%; Sporosarcina ureae, 98%; Staph-
ylococcus, 9 to 91%; and Streptococcus faecalis, 73%. The activity of lysozyme was not
correlated with total amino sugar contents. Only L. arabinosus walls showed an increased
sensitivity to lysozyme after removal of O-ester groups or the teichoic acid. Apant from
substituent groups, the author suggested that differences in lysozyme sensitivity may be the
proportion of N-acetylamino sugars linked in a sp :cific manner. It is assumed that if lysozyme
is a 1,4 B-N-acetylhexosaminidase and that the walls may have 1,4 1,6 and/or 1,3, B
glycosidic bonds between the N-acetylamino sugars, then the presence of a high proportion
of 1,4 bonds between NAM and NAG would make the wall more sensitive to lysozyme
than one containing a high proportion of 1,6 or 1,3 linkages.

Peterson and Hansell'* tested 135 Gram-negative bacterial species for sensitivity to
lysozyme spectrophotometrically and for viability on agar. They concluded that lysozyme
will act on Gram-negative cells if certain experimental conditions are provided. These
conditions are that the cells be grown for 18 hr at 25°C; that they be exposed as unwashed
cells to lysozyme at pH 3.5 in dilutions of hydrochloric acid and incubated at 45°C for 1
hr; and that N/20 sodium hydroxide be added to the suspension to pH. 9.8 befote the
temperature becomes lower than 40°C. The effect of the enzyme would not be observed
without these conditions. These data were organized.into three groups according to the extent
of lysis and decreasing sensitivity to lysozyme: group I, sensitive; group 1, relatively
sensitive; and group l11, insensitive. The order of decreasing lysozyme sensitivity was group
1, Salmonella, Brucella; group 11, Klebsiella, Shigella, Neisseria, Pseudomonas, Pasteu-
rella, Enwinia, Escherichia; and group 11, Vibrio, Proteus. Viability studies on agar plates
showed that the lysozyme-insensitive species and certain relatively casily lysed species were
bacteriostatic compared with the sensitive cultures; however, lysozyme had an inhibitory
action. The Killing and the lytic action were of the same relative order.

Vedmina et al.'*® tested the sensitivity of lysozyme against 476 strains of Gram-negative
bacteria. They found high resistance of Vibrio cholerae Eltor and Pseudomonas to lysozyme.

Cultures of various sensitivity included Aeromonas, enteropathogenic Eschericia coli, and
NAG-vibnos.
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Since lysozyme has been isolated from human and bovine milk, researchers have sought
to determine how the enzyme affects bacteria in the milk. Vakil et al.?” used eight Gram-
positive strains (including two lactic acid bacteria) and five Gram-negative organisms that
were either live resting cells or UV-killed cells and found that all of them were susceptible
1o bovine milk muramidase and all, except the lactic acid bacteria (Lactobacillus casei and
Streprococcus laclis), were susceptible to human milk muramidase. The Gram-positive
organisms were M. lysodeikticus, Streplococcus lactis, Lactobacillus casei, Staphyloccus

aureus, Sarcina lutea, Sireptococcus faecalis, Bacillus subtilis, and B. cereus; and the Gram-

negative organisms were E. coli, Serratia marcescens, Proteus vulgaris, Pseudomonas
fluorescens, and P. aeruginosa. Disk-assay technique was used 10 determine lysozyme
sensitivity to bovine and human mitk and egg white lysozyme in combinations with NaCl,
elhylcnedinminctexraacexic acid (EDTA), NaCl and EDTA, and by itself. The effect of the
additives varied depending on the source of lysozyme and their combinations, which are
discussed in a later section. The experimenters concluded that lysozyme played a significant
role in the inherent antibacterial activity of milk. Shahani'*' came to a similar conclusion
when he found that human and bovine milk lysozyme lysed cells of 13 types of bacteria.
Goudswaard et al.'** found that lysozyme interfered with microbiological screening for
penicillin in cow milk because of its lytic effecton B. stearothermophilus subsp. calidolactis.
This lytic effect was demonstrated microscopically.

Korhohen'? also found that 50 samples of colostrum and milk obtained from five Finnish
Ayrshire cows in days | 10 14 of lactation inhibited the test organism B. stearothermophilus
subsp. calidolactis used in the thermocult test for antibiotics. The presence of lactoferrin
and lysozyme was responsible for this inhibition.

Bottazzi et ab.'** studied the effect of lysozyme on thermophilic (heat-stable) lactic acid
bacteria. The natural culture of lactic acid bacteria grown in whey was very sensitive 10
lysozyme. They found that concentrations up to 10 ppm lysozyme were proportional to the
Iytic effect. More lysozyme was necessary (o give an inhibitory effect in milk than in whey
for strains of Lactobacillus helviticus and L. fermentum isolated from natural whey. L.
helviticus in milk was inhibited by greater than 50 ppm lysozyme, and the authors believed
that the difference was due t0 the absorption of lysozyme onto casein. Some strains of L.
fermentum could grow on MRS in the presence of 30 ppm lysozyme. Lysozyme should not
be added directly to the milk during manufacturing or processing of ltalian long-ripening
cheeses because of the high level needed, but rather should be added after cutting the curd
when only 5 to 10 ppm would be needed. Lysozyme should not be added during the phase
of acidification of the cheese to avoid selective action of lactic microflora from the natural
whey culture, giving an irregular fermentation.'*

Trentini and Murray'*? observed the lysis of Caryophanon’ latum by phase-contrast mi-
croscopy. Pretreatment of cells with pronase, a lipase-phospholipase C mixwre, EDTA,
glutaratdehyde, or heat did not alter the patiem of lysis, nor did it render the remaining
peptidoglycan more susceptible to attack. : ;

Lysozymes have been shown to be more detrimental to spoilage an pathogenic bacteria

~ in milk than to the lactic acid-producing bacteria. In fact, lysozyme in small concentrations
was found to activate the growth of two Streptococcus cremoris strains that are used in
cheese processing.'*® Because of this, lysozyme has been suggested as a preservative in
dairy-fermented products such as cheese. Studying the factors involved, Panfil-Kuncewicz
and Kisza'' added 100 mg/¢ g2 white lysozyme to raw milk and determined the percent
of acid-forming bacteria in total bacterial counts. Initially, 56% of the total bacteria were
acid formers, 45% after incubation for 2 hr at 30°C without lysozyme and 66% after similar
incubation with lysozyme. Samples of sterile skim milk were incubated for less than or
equal to 24 hr with lactic acid-producing bacteria. Initial titratable acidities and incrcases
in acidities after incubation were for control samples and samples with lysozyme (100 mg/

dilndit. attts
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TABLE 7.
MINIMUM INHIBITORY CONCENTRATION (ug/mL) AT DIFFERENT pH'S OF A
COMBINATION OF BUTYLATED HYDROXYANIZOLE (BHA) AND MONOLAURIN (ML)
WITH AND WITHOUT AN EQUAL CONCENTRATION OF EDTA

Organism BHA + ML BHA + ML + EDTA
pH 7 6 5.5 5 7 6 5.5 5

Gram-positive

Bacillus cereus 17 14 5.4 3.6 <2 10 5.3 34 <1

B. licheniformis UG 17 5 3 <2 10 3.3 2.2 <1

B. subtilis 22 14 5.7 3.7 <2 9 5.3 3.8 <1

Lactococcus lactis NCK400 7.2 4.5 3 <2 5.5 4.5 3.5 1.4

Listeria monocytogenes 31 10 7.2 5.3 19 12 8 3

Scott A

Staphylococcus aureus 10 4.5 3.5 2.6 7 3.4 2.3 1.5

ATCC 6538

S. epidermidis ATCC12228 7 4.5 3.3 <2 5 3.8 3.6 <1

Gram-negative

Enterobacter aerogenes 551 660 437 290 207 252 155 145 110
Escherichia coli O157:H7  >1580 >1580 900 195 385 235 165 65
Pseudomonas aeruginosa >1580 >1580 >1580 >1580 >795 >795 >795 180
ATCC 9027

P. fluorescens 545 680 580 290- <2 165 104 85 <1
P. putida 515 > 1580 >1580 890 <2 385 290 85 <1
Salmonelila typhimurium 617 330 280 200 96 207 124 100 80
Yersinia enterocolitica RS29 220 180 150 100 100 75 65 12
Y. ruckeri ATCC 29473 130 115 21 <2 80 45 25 <1

Antimicrobial Activity of Triglycerol 1,2 Laurate in Combination with
Butylated Hydroxyanizole

Inhibition by combinations of TGL and BHA (Table 9) could be explained
solely on the basis of BHA concentrations (Razavi-Rohani and Griffiths 1994;
Razavi-Rohani and Griffiths 1996). The presence of EDTA increased the
inhibitory effect of TGL + BHA against all the bacteria tested (Table 9).

Again, pH had a pronounced effect on inhibition by TGL + BHA (Table 9).
Although EDTA enhanced the inhibitory effect of the combination at neutral pH,
as the pH decreased EDTA became less effective; indicating that the inhibition
was mostly due to the change in pH.

For all the organisms tested, the antimicrobial activity of TGL + BHA
increased with increasing NaCl concentration especially when EDTA was
present (Table 10). This was particularly true for Gram-negative bacteria.
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¢, respectively: (1) butter starter using four strains of S. diacetilactis and S. lactis at 28°C—
7.6 and 7.5, and 31.6 and 30.3; (2) cheese starters using S. lactis, S. diacetilactis, and two
strains of S. cremoris at 28°C — 7.8 and 7.7, and 31.9 and 31.8; (3) using three strains of
L. bulgaricus a1 37°C — 8.6 and 8.7, and 50.8 and 46.0. The results indicated some inhibition
of starter culures by lysozyme, but very litle compared with the lysis of the spoilage
organism £. coli. E. coli strain T-28 was added at 70,000 cells per milliliter to milk. The
mean counts after incubation for 2 hr at 37°C without lysozyme and with 150 mg/¢€ plus
NaCl (which was added to stimulate lyses) were 162,000 and 88,000 cells per milliliter,
respectively.

Carroll,"** on the other hand, suggested that lysozyme may have limited importance as a
protective agent against coliform bacteria. In a study of lysis by bovine sera of washed
coliform bacteria in various buffer systems, no correlation was found between killing by
serum and sensitivity to lysis by lysozyme. EDTA markedly potentiated serum lysis in the
presence of added lysozyme. Lysozyme itself was not lytic, but Carroll later absorbed serum
with bentonite or bacteria and found that lysozyme was involved in lysis but not in the
killing of coliforms by bovine serum. '+

Silberstein and tnouye'* used lysozyme in combination with three detergents — disodium
EDTA., Brij-58, or Triton® X-100 —t0 lyse E. coli 1o remove DNA strains from the bacterial
membrane strands.

Mineyeva et al.’*' found that three periods (a lag period and periods of intensive and
decelerated spheroplast formation) were detected when lysozyme acted upon the cells of
Anacystis nidulans. This was due to pecularities in the cell wall structure of the cyanobac-
terium and the heterogeneity of the culture.

Chassy and Giuffrida'*? found that some lactic acid producers were more suceptible to
lysis by lysozyme when the growth medium was supplemented with chemicals. Streptococci,
\actobacilli, Actinomyceres, propionibacteria, and pediococci cells were more susceplible to
lysis by lysozyme when the growth medium was supplemented with L-threonine and/or L-
lysine. When grown on glucose-containing media, cells were more easily lysed than those
grown on other substrates. Polyethylene glycol was used as an osmoltic stabilizer, but was
also found to enhance the extent of lysis. These researchers also found taat dilute tris
(hydroxymethyl) aminomethane buffer was superior to the buffer systems most commonly
used in lysozyme-based lysis techniques. Stationary-phase cells of L. casei and S. murans
were more easily lysed than log-phase cells. Wasserfall'** found contradictory results com-
pared with other researchers. E. coli was not inhibited in cheese curd by lysozyme, so heat
treatment remained essential for its destruction. Strains of S. lactis, S. cremoris, S. diace-
tilactis, and butter starter cultures in the resting cell state were used to determine the effect
of lysozyme on them. The main conclusions were that prolonged contact with the phosphate
buffer alone caused inactivation of resting cells and that lysozyme enhanced this effect.
Streptocacci were inhibited to differing extents, with S. diacetilactis being least resistant
and S. lactis being more resistant. Butter starter cultures were restricted in acid-forming
capacity.

Many types of spoilage organisms shorten the shelf life of foods. Lysozyme can lengthen
the shelf life of foods by inhibiting these organisms. Gardner and Nikoopour'>* studied the
growth of P. fluorescens on 1% lysozyme substrate. A prolonged lag phase, accompanied
by a 96% reduction in the initial bacterial population, was observed followed by a sharp
increase in bacterial numbers during the second week. The results suggested an alteration
in the growth characteristics of the test organism or a substrate-induced selection of organisms
within the test strain, which were resistant to lysozyme activity. Fluorescence production,
negligible during the first few days, increased rapidly during the second week of incubation.
The fluorescent pigment was bright blue in contrast to the bright green observed on con-
albumin substrates.
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positive and Gram-negative) with the exception of two pseudomonads, P,
aeruginosa and P. putida (Razavi-Rohani and Griffiths 1996). When these two
inhibitors were combined in equal amounts the effect on Gram-positive bacteria
was additive but the effect on the Gram-negative bacteria was no greater than
that observed with BHA alone (Table 7). This confirms the finding of Kabara
(1979) that phenolic antioxidants have synergistic activity with ML when used
against S. aureus.

The inhibitory activity of ML against all the organisms tested was increased
by EDTA and similar, but less dramatic, results were observed for BHA
(Razavi-Rohani and Griffiths 1994; Razavi-Rohani and Griffiths 1996). When
these two inhibitors (ML + BHA) and EDTA were added in equal amounts, the
effect on all bacteria was also amplified, but the effect of BHA with EDTA on
Gram-negative bacteria was greater than that of BHA + ML + EDTA (Table
7). Kabara (1979, 1980) stated that BHA and EDTA enhanced the preservative
qualities of monolaurin. In the present study, this was only contirmed for Gram-
positive organisms. In other work, Notermans and Dufrenne (1981) found that
the inhibitory effect of ML + BHA + EDTA on toxin proguction by Cl.
botulinum was not more than that produced by ML alone. These differences in
efficacy may be due to species and strain variations or may reflect differences
in methodology used to determine MIC.

When ML and BHA were combined, they were more effective against Gram-
positive bacteria at low pH (Table 7) and their effects were synergistic (Razavi-
Rohani and Griffiths 1994; Razavi-Rohani and Griffiths 1996). This pH effect
was enhanced by EDTA (Table 7). With Gram-negative bacteria, lowering the
PH did not make ML + BHA more inhibitory than BHA alone, either in the
presence or absence of EDTA (Razavi-Rohani and Griffiths 1996). As the pH
decreased, the inhibitory effect of the combination (ML + BHA) increased and
was made more effective by addition of EDTA (Table 7). . ’

The inhibition of Gram-positive bacteria by the combination (ML + BHA)
increased with increasing NaCl concentrations in the medium (Table 8). The
combination of ML + BHA was more effective than either ML or BHA alone
(Razavi-Rohani and Griffiths 1994; Razavi-Rohani and Griffiths 1996). Also, the
synergistic action of EDTA was not marked (Table 8). Different results were
obtained with the Gram-negative species. Whereas addition of NaCl increased
the bactericidal effects of ML + BHA, the efficacy of the combination was
greater than ML alone (Razavi-Rohani and Griffiths 1994) but not as great as
that observed for BHA (Razavi-Rohani and Griffiths 1996). As with other
systems, EDTA enhanced the inhibition of Gram-negative bacteria by ML +
BHA (Table 8).

e b i
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Safonova et al."s reported that the minimum inhibitory concentration of lysozyme for
Micrococcus luiens ranged from <0.0003 to | mg/mf. M. varians was stable to lysozyme.
The minimum inhibitory concentration for all the strains was 8 mg/mé.

Using direct microscopic counts, Hall et al.'s® found lower total counts than expected in
some egg products after bacterial decomposition. After testing, they found this to be due to
lysis by lysozyme in the eggs. [t was suggested that the bactericidal effectiveness of lysozyme
in reducing bacterial populations should not be averlooked in producing low-bacterial count,
pasteurized products. Ashton et al.'" confirmed these results when he found commercial
crystalline egg albumen to contain lysozyme. They cautioned that destruction of the ther-
mophilic aerubes by lysozyme should be considered when performing counts on egg products.
The addition of lysozyme to pasteurized milk has been shown 1o reduce substantially the
direct microscopic count.'>®

The use of lysozyme against some pathogens has also been studied. Teotia and Miller'*®
contaminated turkey drumsticks and whole carcasses with Salmonella senfienberg. A 0.1%
solution of lysozyme completely eliminated S. senfrenberg T1SW at 22°C within 3 hr after
contamination. Clostridium botulinum type E spores were found to have greater heat re-
sistance after being exposed to lysozyme. The D80°C value (time for 90% destruction at
80°C) for untreated spores was 1.51 min, and 20.84 min for the treated spores. These D
values were higher than previously recorded and should be taken into consideration in the
preservation of food by thermal processing.'® Alderton et al.'s' investigated the effect of
lysozyme on the recovery of heated Ca-formed C. botulinum 62A and untreated C. borulinum
1304E spores. Survivor curves were obtained when the C. botulinum 62A spores were heated
in strained asparagus puree. The D235°F values were 3.0 and 1.10 min, with and without
lysozyme, respectively. When the heating temperature was raised to 245°F, the difference
in D values with and without lysozyme seemed 1o increase. The D245°F was 0.2 min without
lysozyme and 0.8 min with lysozyme. Lysozyme in the recovery medium enhanced and
speeded outgrowth of heated C. botulinum spores. The spore recovery of type E spores was
more dramatic than for the A spores as measured by colony formation. The measured heat
resistance of type E spores was about 1800-fold and type A spores up (o 3-fold.

Poncelet and Caticau'? found that 5 ug/mé lysozyme increased the number of C. per
fringens spores identified in foods when it was added to 1.5% VF sulfite agar and the food
was dissolved in 180 m¢ of a solution containing 0.1% tryptone plus 0.85% NaCl. Ionesco'®
found that lysozyme increased the rate of germination of C. difficile from lower than 107*
to 5§ x 1072 spores per milliliter. All spores are initiated by lysozyme when previously
treated by sodium thioglycolate. These spores were lysozyme dependent for germination.

Mustafa'™ found that some strains of clostridia increased in turbidity when exposed to
lysozyme. C. multifermentans, C. lentoputrescens, and C. tertiunt released reducing sugars
when exposed to lysozyme. Distorted cells in Gram-stained smears of lysozyme-treated cells
were observed with suspensions of C. hemolyticum, C. butyricum, C. multifermenians, and
C. lentopuirescens. : ;

Ng and Garibaldi'®* found that incubating and shaking S. aureus in liquid whole egg
caused a decline in viability because of lysozyme. The action of lysozyme was not attributed
to its bacterial lytic property, but to the basicity of the lysozyme molecule. The natural pH
of the egg rises from 7.2 to between 8.0 and 8.2 during shaking as a result of CO, loss. It
was postulated that the rise in pH rendered the bacterial cells more negatively f:hargcd 50
that in the presence of positively charged molecules of lysozyme a complex was formed,
agglutinating the cells. '

ltakura'® found that lysozyme was only partially effective against S. aureus alone, but
in combination with a small amount of amoxicillin, lysozyme was very effective at lysing
the cell walls. Safonova et al.'®” found that lysozyme changed the OD of suspensions of S.
aureus, S. epidermidis, and S. saprophyticus, although the effect was different from that of
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M. luteus. The OD characteristics of S. saprophyticus were characterized by some propenties
which provided a supposition that the cell wall structure of the organism is different from
the other two strains, which had similar cell wall characteristics.

Safonova et al.'*® studied the nature of the OD of suspensions of S. aureus and M. luteus
cells at various concentrations of egg white lysozyme and two products of its chemical
transformation. A decrease in OD of the suspensions at relatively low concentrations of
lysozyme, i.e., 0.032 to 0.064 mg/m¢, was due to lysis of both microbial species. The
increase in OD at 0.5 to 2.0 mg/m¢ of lysozyme indicated the formation of insotuble
aggregates of an electrostatic character. Lysozyme was the positively charged component
and the microbial cell material was the negatively charged component. Lysozyme aggregates
with M. luteus were composed of lysis acid products, and with S. aureus the aggregales
were composed of lysis products and the intact live cells.

Waoaoley and Bluc'®® studied the in vitro effect of EDTA, tris(hydroxymethylamino-
methane)HCL (tris) buffer, and lysozyme solution on 16 pathogenic bacteria of medical or
veterinary importance. Marked decreases in bacterial count occurred with Pseudomonas
aeruginosa, E. coli, Moraxella oslensis, and Campylobacter fetus; smaller decreases occurred
with Salmonella typhimurim, Shigella boydii, Aeromonas hydrophi, Proteus mirabilis, Lis-
teriu monocytogenes, and Erysipelothrix insidiosa. The test solution had no effect on Kleb-
stella ozaenue, Brucella canis, Corynebacterium pyogenes, C. renale, Streptococcus equi,
and Staphylococcus aureus.

1. LYSOZYME AS A PRESERVATIVE IN FOOD

A. Miscelluneous Foods

There has been considerable interest in lysozyme as a food preservative, mostly in Japan,
where the majority of the work has been performed using lysozyme in a food system.
Akashi'*® found that egg white suspensions had a lytic action on E. coli suspensions. Food
products such as sausages, fish cakes, and bacon could be preserved with lysozyme.

The Japanese have many patents on the use of lysozyme as a preservative in foods. A
patent was issued for the preservation of fresh vegetables, fish, meat, and fruit by coating
the surface with lysozyme.'™ Taiyo Food Co.'”* patented a process to preserve tofu bean
curd by adding lysozyme to soya milk during processing. Kanebo Ltd.'™ rendered food
packaging films antiseptic by coating them with lysozyme obtained from egg whites. Dried
milk compositions for pediatric use were preserved by incorporation of lysozyme derived
from egg whites along with ovalbumin and ovomucin.'” Francis'’* and Carlsson et al.'”
found that antibodies, lactoferrin, and lysozyme in human Breast milk acted complementarily
1o prevent gastroenteritis and helped prevent allergies, therefore, lysozyme has been added
to infant formulas. Nishihava and Isoda'” added lysozyme to infant’s dry milk powder to
simulate human milk, which contains lysozyme, to see if the number of Bifidus bacillus in
the intestine would increase. B. bacillus is said to contribute to a healthy flora and aid in
digestion. Lysozyme added to the milk powder did increase the B. bacillus of the intestine
of the infants used as subjects. :

Opysters, shrimp, and other seafoods were claimed to be preserved in refrigerated storage
by treatment with aqueous solutions of lysozyme and NaCl in a Japanese patent by Eisai
Company.'”” The same company patented a process to preserve fresh marine products by
soaking them in aqueous solutions containing a lysozyme salt, amino acids, and NaCl.'™
Eisai Company'™ also claimed that lysozyme was very valuable in the preservation of wine
and sake and patented a process in which wines were stabilized by addition of lysozyme or
its salts, together with p-hydroxybenzoic esters. Eisai obtained a Japanese patent whereby
specific lysozyme materials and B-glycopyranose aerodehydrogenase were added to sake to
improve storage stability. '*
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TABLE 5.
MINIMUM INHIBITORY CONCENTRATION (ug/mL) AT DIFFERENT pH'S OF A
COMBXNA.TION OF LYSOZYME AND BUTYLATED HYDROXYANIZOLE (BHA) WITH
AND WITHOUT AN EQUAL CONCENTRATION OF EDTA

Organism L + BHA L + BHA + EDTA

pH 7 6 55 s 7 6 5.5 5
" Gram-positive
Bacillus cereus 17 62 36 20 <4 33 28 12 <2
B. licheniformis UG 62 36 12 <4 33 18 9 <2
B. subtilis 22 71 57 6 <4 42 31 s <2
Lactococcus lacris NCK400 50 45 36 12 40 35 31 14
Listeria monocytogenes 97 90 50 41 80 74 54 18
Scott A
Staphvlococcus aureus 50 40 40 22 42 40 37 16
ATCC 6538
S. epidermidis ATCC12228 70 66 30 <4 45 35 14 <2

Gram-negative
Enterobacter aerogenes 551 230 170 160 140 150 140 123 100
Escherichia coli 0157:H7 320 200 200 160 207 149 115 45

Pseudomonas aeruginosa >3170 >3170 >3170 660 500 410 355 180
ATCC 9027

P. fluorescens 545 505 110 <4 <4 130 70 <2 <2
P. putida 515 >3170 >3170 <4 <4 170 150 8 <2
Salmonella ryphimurium 617 330 280 200 96 207 124 100 80
Yersinia enterocolitica RS29 150 123 103 48 90 66 11 9
Y.ruckeri ATCC 29473 91 49 41 <4 74 35 13 <2

Antimicrobial Activity of Monolaurin in Combination with Butylated
Hydroxyanizole

Monolaurin is extremely inhibitory towards most Gram-positive bacteria but
is not active against Gram-negative genera (Kabara 1979, 1984; Razavi-Rohani
and Griffiths 1994). A similar specificity is found for BHA (Chang and Branen
1975; Shih and Harris 1977; Branen er al. 1980; Raccach 1984), but certain
Gram-negative bacteria are susceptible to inhibition by the antioxidant (Robach
et al. 1977; Davidson and Branen 1980; Gailani and Fung 1984). ML inhibited
all the Gram-positive bacteria used in this study and MIC’s were in the range
8 10 96 ug/mL (Razavi-Rohani and Griffiths 1994). The same study revealed
that none of the Gram-negative bacteria tested were affected by ML
concentrations up to 1580 ug/mL. It was also found that BHA concentrations
between 46 and 66 pg/mL inhibited all the strains of bacteria tested (both Gram-

{2
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Yashitake and Shinichiro'® used information from Ezai concerning lysozyme preparations
made by them with the trade name Amicannon®. The use of lysozyme as a preservative in
the following foods was suggested by them in combination with other additives:

e  Kimchi pickles are a fermented Korean food made from Chinese cabbage, hot peppers,
vinegar, and garlic. Japanese potato salad is prepared from mashed potatoes, may-
onnaise, and thinly sliced vegetables. Egg white lysozyme and amino acids were found -
to be the best combination for preserving both of these products.

] Sushi (rice seasoned with sugar and vinegar and rolled in layered seaweed with either
pickled turnip, radish, grated carrot, meat, or other filler in the center) can be preserved

by dissolving lysozyme in the vinegar used to make it. _

L] Chinese noodles could be prepared with organic acids, hydrogen peroxide, or propylene
glycol as a preservative. The use of lysozyme and amino acids would enhance pres-
ervation, especially in combination with propylene glycol.

L Creamed custard is heated in processing but because of the high sugar content lysozyme

activity is not lost. Amino acids and lysozyme in combination with alochol make a
good preservative of this food.

A few scientific papers have been published in relation to the patent subject matter, but
most research seems to involve industrial secrets. Yajima et al." found that lysozyme was
a strong inhibitor of Hiochi bacteria (sake-putrefying lactic acid bacteria) in sake. Sake
contains less than 20% alcohol and has a pH of 4.0 to 4.5. The minimum concentration of
lysozyme needed to inhibit Lactobacillus heterohiochii was 10 ppm; L. homohiochii, 20
ppm; L. fermenii, 1.25 ppm; and L. acidophilus, greater than 100 ppm. The minimum
concentration of salicylic acid needed to cause inhibition of these bacteria was 500 ppm
under the same conditions. Enzymatic activity was not lost during pasteurization and more
than 85% of the initial enzymatic activity of lysozyme remained after | year of preservation
at room temperature. Persimmon tannin caused lysozyme o precipitate in the sake, but
activity was hardly affected by an enzyme used for removal of dregs. A total of 10% of
lysozyme at a concentration of 10 ppm was absorbed in 100 ppm activated carbon. No
objectionable flavor was detected in the sake treated with lysozyme.

“Yajima et al.,'** in another study on the effect of lysozyme on Hiochi bacteria in sake,
found that L. acidophilus (H-7) was resistant to lysozyme — unlike L. heterohiochii (H-1),
L. homohiochii (H-42), and L. fermentum (H-34) — but found them all to be inhibited in
sake containing more than 15% ethanol. They reported that the growth inhibitory action of
lysozyme on Hiochi bucteria was more potent in sake pretreated with activated carbon than
in sake without pretreatiment. Butyl p-hydroxy-benzoate enhanced the inhibitory effect of
lysozyme, but it caused an unfavorable change in the taste of sake. The minimum inhibitory
concentration of lysozyme in sake of approximately 20% alcohol content was 5 ppm. A
commercial sample of sake with added lysozyme maintained the enzyme activity even in
the presence of residual kakishibu (tannin prepared from Japanese persimmon). Eisai
Company'*? prevented degradation of sake by Lactobacillus organisms by adding lysozyme

or its salts, together with p-hydroxy-benzoic esters. Hara et al.'® found that the minimum

inhibitory concentration of lysozyme against Hiochi bacteria was increased considerably by
1.'% used lysozyme to

larger inocula and only slightly by young subcultures. Uchida et a
inhibit Hiochi bacteria in Mirin liquor, a sweetened sake used for cooking. L. heterochiochii,
L. fermenii, L. planiarum, and L. casei, all of which spoil the wine, were isolated from
Mirin liquor and used as test organisms. The growth of these organisms was completely
inhibited by 20 ppm lysozyme. After 1 year of storage at room temperature, more than 95%
of the original activity of lysozyme remained. No loss of lysozyme activity was observed
after pasteurization at 65°C for 5 hr. The clarification treatment of Mirin liquor with wheat
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gluten and persimmon tannin gave a 2.5% loss of lysozyme activity. The combined treatment
of Mirin liquor with glutentannin and 400 ppm of activated carbon reduced the lysozyme
activity by 15%. No flavor defects were detected by the presence of lysozyme at 20 ppm.

Nakagawa and Maeshigi'*® added a commercial lysozyme-glycine mixture at 1.5% 1o
potato salad and extended the shelf life at 35 to 37°C from 23 10 43 hr. The addition of a
commercial hydrolyzed egg white preparation at 5% to cooked burdock with soy sauce
extended the shelf life from 13 to 18 hr at 35 to 37°C. No synergistic effects were noted
for the lysozyme mixture and the egg white preparation on extending the shelf life of a sauce
for fried fish. Reed, ' in reviewing lysozyme use in foods, mentioned lysozyme being used
to preserve caviar, but no references were found.

Dubois-Prevost'®” reviewed the use of lysozyme for infant feeding by way of addition 1o
formula milk to yield a product that more closely resembled human milk. Sawada et al,'®
related the lysozyme treatment of milk (o its ability to support L. bifidus growth. They
claimed that cow milk may be sterilized by treating with 0.05 to 0.1 mg lysozyme per
milliliter of milk maintained at 37°C for 3 hr, then heated to 80°C for 30 min to inactivate
the lysozyme. This resulted in a product that favored the propagation of L. bifidus in the
infant and resulted in a milk product that ‘“‘cannot be differentiated from human milk in
regard to L. bifidus content’’.

B. Cheese

The food in which the effect of added lysozyme has been studied most extensively is
cheese. Bukri and Wolfe'*® showed that lysozyme caused destabilization of casein micelles
in 2 manner similar to the action of rennin. Kisza et al." reported that added lysozyme
hastened the digestion of milk proteins by pepsin. Panfil-Kuncewicz and Kisza'®' studied
the proteolytic susceptibility of cow milk to lysozyme and found that reconstituted dried
skim milk with CaCl, increased the time before onset of coagulation, but coagulation time
was reduced with increasing amounts of lysozyme. Reconstituted 100 or 25% dried milk
modified with lysozyme also showed the same time reductions but, in addition, showed a
reduction of coagulum rigidity. Lysozyme added to milk accelerated release of soluble
nitrogen compounds by pepsin, and this effect increased with increasing lysozyme concen-
tration. Vakil et al.”” studied the susceptibility of several microorganisms to milk lysozyme

" and concluded that the enzyme played a significant role in the inherent antibacterial activity

of milk.

The effect of lysozyme on some cheese cultures was discussed in the previous section.
Butyric acid bacterial contamination in Edam cheese caused late blowing of cheese, making
it unsuitable for human consumption. To overcome the problem, producers must use milk
free of butyric acid bacteria or decrease the number of butyric acid spores in the cheese
milk (such as by bactofugation), change the cheesemaking procedure (such as salting the
cheese early), use bacteria that produce nisin or other substances inhibitory to butyric acid
bacteria, or add inhibitory substances such as nitrate, H,0,, or lysozyme. '*2 There are many
areas in the world where grasses are heavily contaminated with butyric acid bacteria, such
as in the Zubawy district of Poland; therefore,'®® milk free of butyric acid bactena is

~ impossible. Methods such as bactofugation are costly and time consuming. The growth of

the milk starter culture is a highly regulated, very imponant operation in cheesemaking.
The addition of another culture to compete with the starter culture is not desitable. The nisin
or other inhibitory substance produced by bacteria may also be inhibitory to the starter
culture. Nitrate addition to form nitrite, which inhibits butyric acid bacterial growth, has
been a popular method widely used by the industry. Nielsen'®? discussed some of these
aptions in an effort to find a replacement for nitrite including the use of lysozyme and early
salting of the cheese where <2250 g salt per 100 £ of cheese milk at an early stage in samso
cheese manufacturing inhibited butyric acid bacteria. Aarnes' discussed the mode of action
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sodium citrate (SC) were all from Sigma Chemical Co. (St. Louis, MO).
Monolaurin (ML) was obtained from Lauricidin Inc. (Galena, IL).

When inhibitors were used in combination they were mixed to obtain equal
mass. The stock solutions were prepared in water, except ML which was
dissolved in ethanol. The solutions were sterilized by filtration through a 0.22u
disposable sterile filter (Millipore Inc., Bedford, MA).

Organisms

The test organisms were Bacillus cereus 17, Bacillus licheniformis UG,
Bacillus subtilis 22, Lactococcus lactis NCK 400, Listeria monocytogenes Scott
A, Staphylococcus aureus ATCC 6538, Staphylococcus epidermidis ATCC
12228, Enterobacter aerogenes 551, Escherichia coli O157:H7, Pseudomonas
aeruginosa ATCC 9027, Pseudomonas fluorescens 545, Pseudomonas putida
515, Salmonella ryphimurium 617, Yersinia enterocolitica RS29 and Yersinia
ruckeri ATCC 29473.

The inhibitory activity of the chemicals was determined against organisms
grown on Brain Heart Infusion (BHI) broth (Difco, Detroit, MI) containing
1.2% agar (Difco), adjusted to pH 5, 5.5, 6 and 7 with IM HCI or IM NaOH
prior to autoclaving. Autoclaving had no effect on final pH. The NaCl
concentration in the medium was varied between 0.5 to 7%. -

Determination of Minimum Inhibitory Concentration

The minimum inhibitory concentrations (MIC) of the inhibttors were
determined using a Spiral Plater Model D (Spiral System Instruments Inc.,
Bethesda, MD) according to the Preliminary User Guide of Spiral System
Instruments (Anon 1985). In order to compare results with standard MIC values,
the results obtained were increased two-fold (Anon 1985).

Petri plates (15 cm diameter) were filled with BHI agar (55 mL) to produce
an agar depth of 3.3 mm then kept at room temperature until they were used.
The inhibitor solution was deposited on the surface of the agar with the Spiral
Plater (Hill and Schalkowsky 1990). This dispensed an accurate volume of
solution at an ever decreasing rate radially from the center to the periphery of
the plate. The plates were left for 5 to 7 h to allow a concentration gradient of
the inhibitor to form throughout the agar (Schalkowsky 1986; Hill and
Schalkowsky 1990; Molitoris et al. 1990).

Overnight BHI broth cultures of the test organisms grown at 37C were
diluted 10-fold in BHI broth tempered at 37C and incubated for a further 1 to
2 h at that temperature. This ensured that the bacteria were in the exponential
growth phase. The turbidity of each culture was adjusted with tempered BHI
broth to 0.5 on the MacFarland scale (corresponding to a popuiation of
approximately 1 x 10® cfu/mL). A gradient plate, obtained as described above,




380 CRC Criticul Reviews in Food Science and Nuirition

and application of some substances used to counter butyric acid fermentation as well as
substances preventing mold growth such as sorbic acid, benzoic acid, and pimaricin.
Wasserfall'®® reviewed the use of all these options to improve the quality of cheese and
concluded that, so far, the only suitable measures were the improvement of milk quality
and the use of lysozyme. Practical difficulties and cost seem to exclude other options.

Wasserfall et al.'” made Edam cheese incorporating lysozyme in the form of concentrated
suspensions just before the addition of rennet. The minimum amount of lysozyme required
to prevent late blowing of cheese made from low-quality milk was about 500 U/mé, cor-
responding to approximately 0.6% egg white. Purified.lysozyme and egg white were both
effective inhibitors, but dried ovalbumin failed to completely inhibit the defect. No significant
differences were found organoleptically between cheese made with lysozyme or with nitrate,
nor did lysozyme cause any effect on the process of cheesemaking. Koterska et al.'* used
only 0.2% egg white on four different baiches of Edam cheese containing progressively
increasing amounts of butyric acid spores and found that even this amount improved the
cheese organoleptically and microbiologically.

One of the butyric acid bacteria that causes Italian cheeses and Edam- or Gouda-type
cheese to undergo late blowing or late gassing is Clostridium tyroburyricum. Wasserfall and
Teuber®? used egg white lysozyme at a concentration of 500 U/m¢ to kill 99% of 5 x 10°
resting vegetative cells of C. ryrobutyricum within 24 hr of incubation at 25°C. Spores were
resistant to lysozyme and proliferating vegetative cells were severely inhibited. Although
lysozyme-resistant cells developed in growting cultures in the presence of lysozyme, the
overall outgrowth of spores to vegetative cells was delayed by 1 day in the presence of 500
U of lysozyme per milliliter. It was suggested that this inhibition by lysozyme of the
outgrowth of spore cells into vegetative cells of the lactate-fermenting C. ryroburyricum was
the basis for the observation that lysozyme can substitute for nitrate in preventing the late
gas defect. Wasserfall and Prokopek'®* prepared Edam cheése without lysozyme and with
500 U/m¢ of lysozyme from 25 € low-count milk containing approximately 1000 C. ryro-
butyricum spores per liter. After 5 weeks of ripening, cheese made with lysozyme had
resisted late blowing, while the other was no longer suitable for consumption. The inves-
tigators found this 10 be true even in the presence of lysozyme-resistant vegetative cells.
Ferrari and Dell’ Acqua'®® patented a process in the U.K. whereby lysozymes or their nontoxic
salts were added to butter or cheese to prevent the development of undesirable microorga-
nisms. One of the suggested applications involved the addition of 50 ppm lysozyme to
renneted milk in granan cheesemaking. The inventors found that affer 24 months of ripening
the physical and organoleptic properties were excellent, whereas control cheese was blown
because of C. ryrobutyricum. These same findings were common to other ltalian cheese
varieties. .

While studying the recovery and stability of lysozyme, Wasserfall”® recovered 97 to 100%
of lysozyme added to acid whey, but only 75 to 85% of lysozyme added to milk was
recovered in whey after acidification. The recovery of lysozyme added to rennet whey was
88 1o 93%, but only 8.7 to 11% of lysozyme added to cheese milk was recovered in whey
after renneting. His conclusion was that a large part of the enzyme added to milk was firmly
bound 1o the coagulum and therefore was not available for prevention of late blawing during
cheese ripening. He also found that storage stability of lysozyme preparations descreased
with increasing temperature and alkalinity.

C. Meat
The influence of lysozyme in meat products has also been investigated. Akashi®!2®

completed a series of studies on the preservative effect of lysozyme added to cooked sausage,
salami sausage, and Vienna sausage. In the cooked sausage study, samples of ground beef
were treated with 3% NaCl, 12.5 ppm NaNO,, and 50 or 200 ppm lysozyme; 200 ppm
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was then inoculated with culture using a cotton-tipped swab and streaking from
the periphery to within 10 mm of the center of the plate (Hill and Schalkowsky
1990; James 1990; James er al. 1991). Control plates containing no inhibitor
were streaked to verify that any inhibitory action observed was not due to the
medium.

After the inoculum was sutficiently absorbed into the agar, the plates were
inverted and incubated for 24 h a 37C or 25C, depending on the optimum
growth temperature of the bacterium. The end point of growth for each
organism was determined by measuring the distance from the center of the plate
to the point at which observable growth began. The MIC was calculated by
using the deposition factor for the Model D Plater (Anon 1985).

The experiments were carried out at least in triplicate and the results
presented are averages.

RESULTS AND DISCUSSION

Antimicrobial Activity of Lysozyme in Combination with Monolaurin

Lysozy;ne alone had no inhibitory effect on any of the bacteria tested
except for L. lactis NCK 400 (Razavi-Rohani and Griffiths 1996). ML, when
present at concentrations between 8 and 96 #g/mL, inhibited only Gram-positive
bacteria (Razavi-Rohani and Griffiths 1994). All Gram-positive bacteria were
inhibited by combinations of ML and lysozyme when both were present at
concentrations between 6 ug/mL (for Staph. epidermidis ATCC 12228) and 90
#g/mL (for L. monocytogenes) (Table 1). These MIC’s were only slightly lower
than observed with ML alone which indicated that the inhibition was
predominantly due to the presence of the monoglyceride. The combination of
lysozyme and ML tested was not effective against the Gram-negative bacteria.

EDTA, when added to this combination at the same’ concentration as the
individual components, made 3 species of Gram-negative bacteria more
susceptible to inhibition at neutral PH (Table 1). Previous work had shown that
ML in the presence of EDTA resulted in inhibition of all of the Gram-negative
test organisms (Razavi-Rohani and Griffiths 1994) and when the chelating agent
was used with lysozyme, P. fluorescens, P. putida, v. enterocolitica and Y.
ruckeri were the only Gram-negative bacteria tested to be inhibited (Razavi-
Rohani and Griffiths 1996).

The inhibition of Gram-positive bacteria by the combination of lysozyme
and ML was markedly affected by pH (Table 1). In the case of Gram-negative
bacteria, lowering the PH was not effective except for P. putida 515 which was
inhibited at ML and lysozyme concentrations of less than 2 pg/mL. P,

Jluorescens 545 was inhibited at combined ML and lysozyme concentrations of
29 pg/mL at pH 6 and concentrations of less than 2 ug/mL were required to
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lysozyme alone; or (as control) 3% NaCl and 12.5 ppm NaNO,. The treated sausage was
kept at 75°C for 1 hr and stored at 10°C for 4 weeks. It was found that the meat was more
effectively preserved by lysozyme in combination with NaCl and NaNO, than by either
lysozyme or salt alone for heated samples. Only Gram-negative rods were isolated from all
heai-treated samples. Lysozyme was unaffected by the heal treatment. The best preservation
was obtained for unheated samples by lysozyme alone, rather than NaCl-NaNO, control.
Micrococcus and Sireprococcus appeared on samples treated with lysozyme alone in addition
to Gram-negative rods. A Gram-positive rod appeared in the control sample in addition to
the types already mentioned.

Salami sausages containing 0.015% of 2[2-furyi-3-(5-nitro-2 furylacrylamide)] (AF2),
0.1% sorbic acid, and 0.01% spices, including pepper, nutmeg, coriander, onion, ginger,
cinnamon, and garlic, were cut in half and coated on the inside and outside surface areas
by Akashi’® with four different preparations: (O) 0.5 m¢€ salad oil; (L) 3 m¢€ of 0.05%
lysozyme in M/10 phosphate buffer (pH 6.5); (LO) 0.05 g of lysozyme added to 0.5 m¢ of
salad oil; and (LOS) 0.05 g of lysozyme dissolved in 3 m€ of M/10 phosphate buffer (pH
6.5) mixed with 0.5 m¢ of salad oil and 0.1 g of sorbitan monooleate, an emulsifier. The
sausuges were stored at 37°C (80% humidity) for 7 days or at 20°C + I°C for 57 days.
Sausages were examined for viable bacteria count, slime formation, thiobarbaturic acid
(TBA) value, volatile base nitrogen (VBN), and red color intensity. The (LO) treatment
was the best preservative followed by (LOS), (L), (O), and the control.

Akashi*® subjected Vienna sausages to nine different treatments using lysozyme. Vienna
sausage is a semidry meat product that is processed by swuffing ground, cured meat into
natural desalted sheep casings, followed by cooking at 75°C for 15 min and drying at 80°C
for 10 min. During storage, the sausage is subject to color fading and sliminess due to
microbial growth. In Japan, where the study was undertaken, casings are often dipped into
a chemical preservative before use, but the residual-absorbed additive plus the amount added
to the cured meat could exceed prescribed legal limits, so lysozyme was studied as a possible
alternative.

The treatments included combinations of lysozyme in the meat preparation, dipping the
casings in a 0.05% M/10 lysozyme phosphate buffer solution before stuffing the cured meat,
and dipping the finished Vienna sausage in the 0.05% lysozyme phosphate buffer (pH 6.5)
after cooking. He also used chemical preservatives, nitro-furylacrylamide (0.03%) and sorbic
acid (0.01%). Vinyl bags, each containing 30 sausages, were stored for 5 days at 30°C.
Color fading, sliminess, and viable cell count were used as parameters for evaluating keeping
quality. Species of bacteria found initially on sausages after lysozyme treatment were Strep-
tococcus, Pseudomonas, Achromobacter, and Flavobacterium’ Toward the middle to last
stages of the storage time, these bacteria decreased and the flora were predominately made
up to Micrococcus, Lactobacillus, Leuconostoc, and a lactic group of Streptococcus. Vienna
sausages were best preserved by a combination of dipping the casings in 0.05% lysozyme
plus phosphate buffer (6.5), adding 0.5% lysozyme to the cured meat, and dipping the
sausage in 0.05% lysozyme in phosphate buffer (pH 6.5) after cooking. In practice, adding

- 0.05% tysozyme to cured meat would be expensive, so a combination of dipping casings

in 0.05% lysozyme plus phosphate buffer (pH 6.5) at 4°C for a holding time of 24 hr and
dipping sausage in 0.05% lysozyme was recommended. - -

Akashi and Oono™ studied the preservative effect of egg white lysozyme on nonpackaged
Kamaboko. Kamaboko was processed from frozen lizard-fish meat to which 3% NaCl was
added. The meat was kneaded and the following experimental preparations were made and
added to the meat: (1) 0.6 ppmv/kg AF2; (2) 0.1% sorbic acid; and (3) 0.05% egg white
lysozyme. The fish cakes were also dipped in 1% gelatin-0.05% lysozyme solutions as
another experiment. The fish cakes were stored at 10°C for 14 days. Viable bacteria count,
slime changes, VNB, binding capacity, and brown color changes were monitored. Kamaboko
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inhibit Y. ruckeri at pH 5.5. Addition of EDTA had little or no effect on the
inhibition of Gram-positive bacteria by ML and lysozyme regardless of pH.
However, in the case of most Gram-negative bacteria, EDTA amplified the
effect at low pH. The exceptions were S. fyphimurium 617 and E. aerogenes 551
which were unaffected even at pH 5 (Table 1). :

TABLE 1.
MINIMUM INHIBITORY CONCENTRATION (ug/mL) AT DIFFERENT pH'S OF A
COMBINATION OF LYSOZYME AND MONCLAURIN (ML) WITH AND WITHOUT AN
EQUAL CONCENTRATION OF EDTA

Organism L + ML L + ML + EDTA

pH 7 6 5.5 5 7 6 55 5
Gram-positive
Bacillus cereus 17 38 10 4.5 <2 50 7 4.5 <2
B. licheniformis UG 46 9 <2 62 6 3.3 <2
B. subrilis 22 46 9 <2 85 6 4.5 <2
Lactococcus lactis NCK400 7 5.3 4.5 <2 7 4.5 39 <2
Listeria monocytogenes 90 27 2.7 230 13 7 3.5
Scott A
Staphylococcus aureus 10 S 4 <2 10 5 4 <2
ATCC 6538
S. epidermidis ATCC12228 6 5.5 4.5 <2 4.5 4.2 4.2 <2

Gram-negative

Enterobacter aerogenes 551 >1580 >1580 >1580 > 1580 >1580 >1580 >1580 >1580
Escherichia coli O157T:H7  >1580 >1580 >1580 >1580 >1580 380 290 100
Pseudomonas aeruginosa >1580 >1580 >1580 >1580 >1580 >1580 > 1580 290
ATCC 9027 . N

P. fluorescens 545 > 1580 29 <2 <2 115 70 <2 <2
P. purida 515 > 1580 >1580 > 1580 <2 185 170 90 <2
Salmonetla typhimurium 617 > 1580 >1580 > 1580 >1580 >1580 >1580 >1580 >1580
Yersinia enterocolitica RS29 > 1580 >1580 >1580 >1580 >1580 >1580 90 <2
Y. ruckeri ATCC 29473 >1580 > 1580 <2 <2 150 90 <2 <2

The inhibitory effect of this combination (ML + lysozyme) increased slightly
with increasing NaCl concentration (Table 2), except for the strains of E.
aerogenes, E. coli, P. aeruginosaor S. ryphimurium tested, even when the NaCl
concentration reached 5%. The addition of EDTA to this combination was not
effective on Gram-positive bacteria but, at NaCl concentrations of = 4% all
Gram-negative bacteria tested became more susceptible to inhibition by ML and

"lysozyme (Table 2).




382 CRC Critical Reviews in Food Science and Nutrition

Table 4
SYNERGISTIC EFFECT OF LYSOZYME AND GLYCINE AGAINST
THREE BACTERIA™

- Remaining bacteria (%)
0% 0.2% 0.4% 0.6% 0.8% 1.0%
Lysozyme (ppm) Glycine  Glycine Glycine  Glycine Glycine  Glycine
Bucillus subiilis
0 100 7 47 35 27 14
10 65 39 33 12 5 5
20 23 16 7 3 2 0
40 9 6 1 1] 0 0
80 2 2 0 0 0 1]
Escherichia coli §-8
0 100 92 8 24 18 15
10 95 97 42 21 18 i
i) 96 91 kY 9 8 7
40 96 72 24 2 0 0
80 92 69 20 0 0 0
Swphylococcus auwreus 209-P
0 100 97 95 97 84 89
10 92 102 9i 88 85 77
20 91 92 56 19 17 13
40 93 86 4+ 8 5 0
80 87 86 36 4 0 0

preserved with lysozyme in the meat performed better than that withyAF‘l or sorbic acid in
the meat, but dipping the fish cakes in the gelatin lysozyme solution increased the preservative
effect with AF2 and sorbic acid in the meat over the Kamaboko with lysozyme in the meat.
Egg white lysozyme exhibited similar binding capacity and brown color changes as AF2 or
sorbic acid. '

Akashi®® reviewed the uses of lysozyme as a food preservative and ‘pointed out some of
the possible problems, including allergic and antigenic aspects of ingested lysozyme.

D. Yeast Autolysis

Lysozyme has also been used in the production of yeasvau(olysatc."" Intact yeast cells
were treated with lytic enzymes including zymolase and lysozyme, which increased the
release of nitrogen and proteins during incubation. Pancreatin or pronase also added during
incubation of cells with lytic enzymes caused concurrent hydrolysis of the’ yeast proteins.
The precipitable yeast protein at pH 4.5 decreased from 73 to 21% within 60 min.

E. Additives Used with Lysozyme .
To enhance the effectiveness of lysozyme as 2 food preservative, experiments have been
done using lysozyme in combination with other substances to increase the bactericidal effect.

-

Some of the substances used successfully have been phytic acid (chelating agent), butyl p-
hydroxybenzoate (POBB)"***” p-hydroxy-benzoic esters,'$? B-glycopyranose aerodehydro-
genase,'*® amino acids,?® hydrogen peroxide, and organic acids such as ascorbic acid.”
The amino acid that has been most effective is glycine (Table 4), which is used commercially
in combination with lysozyme in Japan.'®-207:30%

Chassy and Giuffrida'* used lysozyme in a tris(hydroxymethyl) aminomethane buffer
instead of the common buffer systems used with lysozyme and found it to be superior as
discussed previously. Polyethylene glycol added to the lysozyme buffer solution as an osmotic
stabilizer was also found to enhance the extent of lysis. Supplementation of the growth
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medium with L-threonine and/or L-lysine frequently produced cells that were more susceptible
to lysis by lysozyme. Glucose-containing media produced cells that were more easily lysed
than those from cultures grown on other substrates.

Salt was used by Parry et al.* 10 enhance lysozyme activity in a technique designed 1o
spectrophotometrically determine the rate of clearing of a suspension of lyophilized M.
lysodeikticus cells. They found that the addition of salt to the assay system with egg white
lysozyme did not stimulate the rate of lysis but improved the linearity of the reaction rate
along with the reproducibility. They also reported that NaCl was essential for bovine milk
lysozyme activity and as an activator for human milk lysozyme. )

Weaver and Kroger®® used potassium dichromate in human milk as a preservative and
found no adverse effect on measurement of lysozyme activity. Vakil et al."” studied lysozyme
frum bovine and human milk and egg white in the pure form with NaCl, EDTA, and NaCl
Plus EDTA on various organisms, both UV-killed and living. They found that NaCl accel-
erated the lysis of both live and UV-killed cells of M. lysodeikiicus and Sarcina lutea by
the two milk lysozymes, but egg white lysozyme was only accelerated by NaCl when using
live cells. The lysis of other bacteria sensitive to the lysozymes was impaired by NaCl.
EDTA had little or no effect upon the enzymatic activity of the milk lysozymes but accelerated
lysis of live cells of M. lysodeikiicus by egg white lysozyme. In general, EDTA augmented
the lysis of both live and UV-killed cells of B. subtilis and P, aeruginosa by bovine milk
lysozyme. However, the lysis of other sensitive bacteria, under similar conditions of assay,
wis depressed by EDTA. When using actively growing bacteria, the additions of either
NaClor EDTA in general improved the lysis of the sensitive organisms by the milk lysozymes
and cyg white lysozyme. NaCl and EDTA were essential in lysing E. coli and B. cereus.
This study indicated that differences exist not only in the lytic activity of the lysozyme from
different sources, but also in the additive effect of combinations on different bacteria.

IV. PHARMACEUTICAL USES OF LYSOZYME

Lysozyme is well known as an effective immunological agent and has been called an
“‘endogenous antibiotic”. Because of this characteristic, it is used in human therapy for the
treatment of viral and bacterial infections. Lysozyme has an analgesic effect when admin-

" istered to patients sutfering from cancer and has been used as a potentiating agent in antibiotic

therapy. It has been used in the prophylaxis and therapy of leukopenia induced by antiblastic
and ionizing radiation.? EDTA-tris-lysozyme solutions are effective in the treatment of
coliform infections of the bladder in human patients?'® and of experimentally induced pseu-
domonas cystitis?'! and otitis externa in dogs.*'? The Japanese use tysozyme in cold medicines
sold over the counter.?"

Lysozyme concentration has been used as an indicator of health and infection in animals
and humans. Kageoka et al.?" ysed peroxidase and lysozyme activities of leukemic cells as
an indicator of the disease. Kavanova et al.?'* found blood serum concentration of healthy
humans to be 7.75 = 0.28 mg/¢, whereas that of patients with varicose ulcers, erysipelas,
and particularly microbial eczema showed a statistically significant increase. The increase
associated with psoriasis was not statistically significant.

Falchuk et al.?'¢ found that the serum lysozyme levels of patients with Crohn’s disease
(also known as ileitis or regional enteritis) were substantially elevated compared with normal
levels and levels of patients with other inflammatory bowel diseases. A total of 19 normal
patients contained 8.8 + 0.3 wg/mé serum lysozyme, 13 ulcerative colitis patients had 9.3
= 0.6 pg/mé, 6 bacterial or nonbacterial enteritis patients had 8.9 = 0.7 png/mé, and 25
Crohn’s disease patients had 26.3 = | .4 ng/mé serum lysozyme. Weaver and Kroger**
found no correlation between somatic cell counts of bovine milk and lysozyme concentration.
Meyer et al.27 infected individual quarters of cow udders with S. aureus and found that the
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The antibacterial etfect of ML + lysozyme was no greater than that observed
with ML alone at all the conditions of pH, NaCl and EDTA concentrations used
(Razavi-Rohani and Griffiths 1994). Thus, it can be concluded that lysozyme
had po synergistic effect when added to ML.

Antimicrobial Activity of Lysozyme in Combination with Triglycerol 1,2
Laurate

Except for the strains of L. lactis, S. aureus and S. epidermidis that were
inhibited by between 205 and 660 pg/mL of TGL + lysozyme, all the other
organisms tested were not inhibited by concentrations of these agents up to 3170
pg/mL (Table 3). When compared with their inhibitory action alone (Razavi-
Rohani and Griffiths 1996), combining the two agents had no significant effect.
The presence of EDTA did increase the antimicrobial effect of the combination
(lysozyme + TGL) against all of the Gram-positive and three of the Gram-
negative bacteria used in this study (Table 3).

The inhibitory action of this combination against all the Gram-positive
bacteria, except L. lactis NCK 400, was increased by lowering the pH of the
growth medium (Table 3). This effect of pH was enhanced even further in the
presence of EDTA (Table 3). However, for Gram-negative bacteria, the
synergistic etfect of acidified medium was only observed for P. putida 515 and
Y. ruckeri ATCC 29473 at pH 5. When EDTA was added all the Gram-negative
strains were inhibited at pH S except for E. aerogenes 551 which was not
inhibited even at concentrations of lysozyme and TGL up to 1580 ug/mL (Table
3).
When the NaCl concentration in the medium was increased, the antimicrobial
activity of TGL + lysozyme against the majority of Gram-positive bacteria
tested was enhanced (Table 4). A similar effect was observed for four of the
eight Gram-negative strains tested. With the addition of EDTA to the medium
containing NaCl, the inhibitory activity of TGL + lysozyme was increased for
all the bacteria studied (Table 4). However, it was noted that the inhibitory
effect of the combination (TGL + lysozyme) was no greater than that observed
with TGL alone (Razavi-Rohani and Griffiths 1994).

Antimicrobial Activity of Lysozyme in Combinatiomr with Butylated
Hydroxyanizole

With the exception of two of the pseudomonads that were not inhibited, even
at lysozyme and BHA concentrations of 3170 pg/mL, all the other bacterial
strains tested were inhibited, with MIC’s ranging between 50 and 505 ug/mL
for each of lysozyme and BHA (Table 5). Lysozyme alone was not effective
against the same bacteria (with the exception of L. lactis NCK 400) when added
at concentrations up to 3170 pg/mL (Razavi-Rohani and Griffiths 1995). In the
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lysozyme concentration of the milk rose rapidly within 10 hr. Lysozyme concentrations
reached a maximum 34 to 48 hr after initial treatment regardless of initial lysozyme con-
centration. S. aureus hus been found to produce lysozyme,'***' and it was determined that
production of lysozyme could be a better index of pathogenic staphylococci than the coagulase
measurement, especially in cases of animal origin strains. Seleim et al.**' tested 88 strains
of animal origin and 40 strains of human origin. Of 103 strains from pathogenic cases of
human and animal origin, 89 (86.4%) were lysozyme producers and 86 (83.5%) were
coagulase positive. Oul of 75 strains isolated from pathogenic cases of animal origin, 75
(100%) were lysozyme producers and 71 (94.6%) were coagulase positive. On the other
hand, out of 28 strains isolated from pathogenic human cases, 14 (50%) were lysozyme
producers and 15 (53.6%) were coagulase positive.

Hawiger: found staphylococcal lysozyme splits N-acetylamino sugars from susceptible
substrate and was similar 10 €28’ white lysozyme in its optimal temperature for reaction,
optimal pH, activation by NaCl and Ca*” ions, and inactivation by Cu’* ions and sodium
dodecyl sulfur. It differs from egg white lysozyme in its temperature susceptibility range
(staphylococcal lysozyme is inactivated at 56°C). It acts on whole cells and cell walls of
M. lysodeikticus, murein from S. aureus 524, and cell walls of S. epidermidis Zak, the latter
not being susceptible 1o egg white lysozyme. The mechanism of action was analogous 1o
egg white lysozyme, but the specificity may differ. The role of staphylococcal lysozyme is
unclear.

Lysozyme has also been used as a marker in the therapy of acute and chronic urinary
tract infections. The determination of lysozyme in cerebrospinal fluid and blood serum is
helpful in differentiating between bacterial and aseptic meningitides or infections. Elevated
fecal lysozyme excretion in adolescents is an indicator for a chronic inflammatory bowel
disease. Monitoring fecal lysozyme excretion can be used as a marker for a relapse and 10
monitor therapeutic efficiency in patients with inflammatory bowel disease. A consistent
high level of fecal lysozyme excretion in adults over the age of 40 is an indicator for possible
colorectal tumors and warrants more thorough investigation.™”

A. Oral Cavity
Watanabe® studied lysozyme of saliva from clinically healthy subjects and patients suf-
fering from periodontal disease. The lysozyme content in the homogenate and precipitate
from the diseased group was statistically higher than that from the normal group (p<0.05).
The activity and content of lysozyme in the precipitate were found 10 be 70 to 80% of that
in the homogenate. The addition of mucin to whole saliva slightly increased the activity of
lysozyme in the supernatant. The addition of plaque bacteria to whole saliva reduced the
activity of lysozyme in the homogenate by approximately 2 %. The addition of human
serum to whole saliva increased the activity of lysozyme in the supernatant fivefold.

Richter and Slama® assessed lysozyme values in saliva of children after tonsillectomy,
after adenolomy, and in 2 control group without surgical opcralion‘. No fluctuations were
found in the control group. Lysozyme Jevels before operations were elevated, but declined
to normal values 1 month after the operations.

Zajaczkowska-Bialowas et al.??* studied the relationship between salivary lysozyme ac-
tivity and dental caries, and Murai et al.?® swudied the effect of a lysozyme-comaining
chewing gum on chronic marginal periodontitis. Two experimental groups, each composed
of 35 individuals, ages 1910 53, were used. One group was given gum (3.2 g) with lysozyme
(30 mg) and the other group, gum without lysozyme. They were instructed to chew the gum
for 5 min after breakfast, lunch, and dinner for 3 weeks. The authors reported favorable

" results with the lysozyme-containing chewing gum. Statistically significant differences were
found between the (WO experimental groups concerning bleeding, swelling, reddening, and
pus discharge. A statistical difference was not found in pocket depth and dental plague. No
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TABLE 3.
MINIMUM INHIBITORY CONCENTRATION (ug/mL) AT DIFFERENT pH'S OF A
COMBINATION OF LYSOZYME AND TRIGLYCEROL 1,2 LAURATE (TGL) WITH
AND WITHOUT AN EQUAL CONCENTRATION OF EDTA

Organism L + TGL L + TGL + EDTA

pH 7 6 5.5 5 7 6 5.5 5
Gram-positive
Bacillus cereus 17 >3170 580 125 7 115 48 16 <2
B. licheniformis UG >3170 440 150 <4 95 30 10 <2
B. subrilis 22 >3170 870 217 <4 160 58 24 <2
Lactococcus lactis NCK400 205 300 300 260 80 90 75 30
Listeria monocytogenes >3170 >3170 >3170 380 250 195 110 50
Scott A
Staphylococcus aureus 660 205 245 110 220 150 90 45
ATCC 6538

S. epidermidis ATCC12228 580 450 450 <4 130 100 100 <2
Gram-negative

Enterobacter aerogenes 551 >3170 >3170 >3170 >3170 >1580 > 1580 > 1580 >1580
Escherichia coli O15T:H7  >3170 >3170 >3170 >3170 >1580 >1580 > 1580 250

Pseudomonas aeruginosa >3170 >3170 >3170 >3170 > 1580 >1580 >1580 310
ATCC 9027

P. fluorescens 545 >3170 >3170 >3170 >3170 170 115 <2 <2
P. putida 515 >3170 >3170 >3170 <4 210 170 6 <2
Salmonella typhimurium 617 >3170 >3170 >3170 >3170 > 1580 > 1580 >1580 500
Yersinia enterocolitica RS29 >3170 >3170 >3170 >3170 >1580 >1580 221 18
Y.ruckeri ATCC 29473 >3170 >3170 >3170 <4 195 90 <2 <2

same study it was observed that BHA inhibited all but two pseudemonads when
present at concentrations of < 664 ng/mL. Thus, the antimicrobial effect of
lysozyme + BHA in combination was greater than that found when either of the
tWo compounds was present alone, but most of the inhibition was due to BHA.
In the presence of the chelating agent, EDTA, the inhibitory effect of the
combination (lysozyme + BHA) was heightened (Table 5). Improvements to
antimicrobial efficiency of lysozyme + BHA combinations were also observed
when the medium acidity and NaCl concentration increased. This was especially
true when EDTA was also present in the medium (Table 6).
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adverse effects were observed in the administration of lysozyme-containing chewing gum.
A British patent 948377 dealing with lysozyme for prevention of tooth decay was mentioned
by Yashitake and Shinichiro.'®

Sabau et al.*** found that a combination of lysozyme and fluorine on experimentally
induced denial caries in white rats on the cariogenic Larson diet exhibited a carioprotective
effect. The experimental group of 19 rats treated with lysozyme and fluorine on the cariogenic
Larson dict had 4.42 = 0.38 cavities per rat, a group of 18 rats on the Larson diet treated
with lysozyme had 5.39 = 0.23 cavities per rat, and the control experimental group of 18
rats on the Larson diet had 8.27 = 0.39 cavities per rat.

Blumberger and Glatzel?’ studied the effect of spices on lysozyme activity of saliva.
Chili peppers, curry, ginger, paprika, pimento, pepper, mustard, lemon juice, and sugar
were used along with some bitter flavors including aloes, gentian, hops, oranges, rhubarb,
and vermouth. Intensity of reactions was to a large extent individually determined. The
administration of spices increased the amount of saliva secreted per unit of time, with a
maximum of three 10 seven times the resting value caused by mustard, pepper, and lemaon
juice. Biuer flavors slightly increased the saliva production, but lysozyme activity per
milliliter stayed the same or slightly decreased. Lysozyme activity per minute was less than
in the resting state following bitter flavor components. The authors hoped to prove that the
defensive power of saliva caused by lysozyme could be intensified by the right choice of
spices.

Chassy and Giuffrida'®® lysed oral streptococci with lysozyme suspended in dilute
tris(hydroxymethyl) aminomethane-hydrochloride buffer containing polyethylene glycol. Za-
jaczkowska-Bialowas and Kunicka?® found that during administration of certain sulfamides
and antibiotics the amount of salivary lysozyme activity decreased, but increased after
regression of the inflammatory process and discontinuation of drugs. Data on the role of
oral lysozyme and other oral enzymes in the antimicrobial defense of microorganisms are
reviewed by Barabash and Levitsky.?*

Miller and Lacey®" found that 80 10 90% of alt clinical isolates of S. aureus produced
B-lactamase, which rendered them penicillin resistant and also less susceptible to the killing
effect of lysozyme. They found that this was particularly true at lysozyme concentrations
of 100 10 500 jug/mé. Both fB-lactamase-negative derivatives and those producing B-lactamase
were more susceptible to lysozyme at pH 5. Differences were less marked, but usually
apparent with larger inocula, with cells in stationary phase, and in the presence of | mol
ferric chiloride.

S. aureus is present in the anterior nares, although the organism may be carried at other
sites such as the perineum. Probably by originating in tears, lysozyme occurs in nasal
secretion at concentrations about 100 pg/mé, which may be relevant to the selccuon of B-
lactamase producing S. aureus in the anterior nares.

B. Dermatology

Lysozyme is an active part of the defense system in the skin. Ogawa®' found that human
skin contained 60 to 120 ug of lysozyme per wet weight gram, a value almost equal to that
of saliva. Lysozyme activity in the epidermal portion was approximately three times greater
than the dermal portion of the skin. -

Kavanova et al.?'3 first demonstrated lysozyme acuvuy in skin homogenate, and partially
isolated the enzyme by means of gel filtration on Sephadex®. The mean lysozyme value in
skin homogenate amounted 10 47.1 pg/g tissue. The concentration of lysozyme on skin
surfaces of various parts of the body were also determined. The forearm contained 4.03 X
1072 pg/cm?, the forehead contained 2 times as much, and the palm of the hand had 7 times
as much lysozyme. Concentration in a microbial eczema lesion was 22.55 x 10° pg,
compared with a site without lesions containing 6.60 X 1073 pg.
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compounds so as to reduce the amounts added to food. The use of combination
preservative systems rather than single inhibitors may maximize the
multifunctional properties of these chemicals. Identification of optimal
preservative systems should then allow the use of lower concentrations of these
agents in food (Kabara 1982; Raccach 1984).

Fatty acids and their derivatives are effective against Gram-positive
bacteria, molds and yeasts but have little activity against Gram-negative
organisms (Kabara 1979, 1984). Of these lipids, the monoglyceride, monolaurin
(glyceryl monolaurate; ML), in addition to exhibiting emulsifying properties,
possesses the highest antimicrobial activity {(Kabara 1979; Shibasaki 1979,
1982).

Lysozyme is an antimicrobial agent found in many natural systems. This
enzyme lyses Gram-positive bacteria more readily than Gram-negatives that
contain a protective lipoprotein-lipopolysaccharide layer (Davidson and Branen
1993). Because it lyses some bacteria and is generally regarded as safe for
humans, lysozyme has potential for the preservation of food.

Phenolic antioxidants like butylated hydroxyanizole (BHA) also exert an
antimicrobial effect. They are active against a wide variety of organisms but .
their use is limited by toxicological considerations. Their antibacterial effects
have been described by many workers (Chang and Branen [975; Robach er al.
1977; Stern er al. 1979; Kabara 1980, 1981, 1982; Raccach 1984).

In foods EDTA is used primarily as an antioxidant. It exerts little
antimicrobial effect by itself but can potentiate preservative action (Kenward et
al. 1979; Razavi-Rohani and Griffiths 1994). EDTA is believed to facilitate the
action of antimicrobial agents, especially on the more resistant Gram-negative
bacteria, by binding divalent cations in bacterial cell walls (Kato and Shibasaki
1976; Kabara 1981). .

As well as the nature of the antimicrobial compound to be used,
environmental factors such as pH, salt concentration and temperature need to be
addressed when formulating a preservative system (Kabara 1981). In this study,
we have examined the antibacterial activity of different combinations of food-
grade additives and ascertained the effect of chelating agents, pH and NaCl
concentration on their efficacy. -

MATERIALS AND METHODS

Chemicals

Lysozyme chloride was obtained from Canadian Lysozyme Inc.,
Abbotsford, B.C., Canada; triglycerol 1,2 laurate (TGL) was provided by
Atkemix Inc. (Brantford, ON., Canada); butylated hydroxyanizole (BHA; 2,(3)-
tert-butyl-4-hydroxyanizole), ethylenediamine tetraacetic acid (EDTA) and

o@‘
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C. Lysozyme and Certain Antibiotics

ltakura'® studied the effect of lysozyme on S. aureus in combination with amoxicillin,
a synthesized penicillin, and found a synergistic effect. Little lysis took place with lysozyme
alone, but with a small amount of amoxicillin, lysis occurred in proportion to the amount
of lysozyme added. Electron microscope studies indicated bacterial solubility of cell mem-
branes. Application of these results would be in treating dermatological diseases since large
amounts of lysozyme are found in the upper layers of skin.

When cells of Rhizobium japonicum were treated or pretreated with ampicillin or penicillin
and subsequently treated with lysozyme, the rate of lysis was enhanced and marked damage
occurred to the cells. Ampicillin and penicillin are thought to cause disorganization of the
cell wall and render the mucopeptide substrate accessible to the action of lysozyme.

Rozgonyi and Redai*? found that the natural meticillin resistance of staphylococci in-
creased slightly in the presence of lysozyme. Under the same conditions, strains sensitive
to the antibiotic or adapted to meticillin resistance showed an increased sensitivity.

Barach and Adams?** found that lysozyme was inhibited by the antibiotics polymyxin,
neomycin, or kanamycin. Kornfeld?* found that lysozyme enhanced detection of zones of
inhibition in a paper-disk or cylinder-plate method for detection of penicillin or agar seeded
with S. lutea. Lower quantities of antibiotic could be detected by the increased size of the
inhibition zone.

Fernandez-Sousa et al.®™ found that the lytic activity of hen egg white lysozyme towards
bacterial cells of M. lysodeikticus was pH dependent and was inhibited by several amino-
glycosidic antibiotics whose structure is related to the saccharidic substrates of the enzyme.
The concentration of antibiotics necessary to yield 50% inhibition at pH 4.0 and 6.2 was
in decreasing order: neomucin B < gentamicin C,, < kanamycin A < dihydrostreptomycin,
according to the number of positive charges they bear. The extent of inhibition was greater
at pH 4.0 than 6.2, except for dihydrostreptomycin.

D. Optometry

Ueda et al.™* found that the lysozyme concentration in tears of 111 normal subjects was
4697 = 1544 pg/m¢ (mean = SD), and the lysozyme concentration of subjects with
keratoconjunctivites sicca (KCS) was significantly lower. The lysozyme concentration of
tears in 168 subjects with Sjogren's syndrome was 1626 = 1063 wg/mé which was signif-
icantly lower than the tears of normal subjects. Harada* studied the bactericidal substances
in human tears (lysozyme, immunoglobulins, and B-lysin) and found that lysozyme, which
is excreted from the main lacrimal gland, was the most effective against B. subtilis. The
concentration of lysozyme was 6.9 = 2.2 pg/mé (mean * SD) in tears of adults (25 to 36
years old), 6.6 £ 2.5 pg/m¢é in children (7 to 12 years oid), and was decreased t0 6.3 *
0.9 pg/mé in tears of older people (55 to 70 years old). This was suggested as part of the
reason why older people contract ocular diseases more frequently.

E. Lysozyme Gene Isolation and Cloning .

As the study of lysozyme and its uses continues, the isolation of the lysozyme gene would
be an important event. Baldacci et al .27 isolated the gene structure. Electron microscopic
studies showed that the plasmid carrying a double-stranded lysozyme cDNA was split by
at least three introns. The length of the gene was about 3.9 kb, 6 times longer than lysozyme
in RNA. Nguyen-Huu and Stratmann®® found that the chicken lysozyme gene contained
several intervening sequences. Sippel et al.2 cloned the chicken lysozyme sequence in
vitro.
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ABSTRACT

The antibacterial activity of combinations of lysozyme, monolaurin (ML),
triglycerol 1,2 laurate (TGL) and butylated hvdroxyanizole (BHA) against 7
Gram-positive and 8 Gram-negative bacteria was studied ar different pH, NaCl -
and EDTA concentrations by the spiral gradient end point test. The inhibitorv
effect of lysozyme in combination with ML was slightly greater for Gram-positive
than for Gram-negative bacteria, but their combined effect was not markedly
more inhibitory than ML alone. Lysozyme and TGL together were only inhibitory
at low pH and high NaCl concentrations in the presence of EDTA. There was
an increase in inhibition when lysozyme and BHA were combined. For Gram-
positive bacteria, inhibition by ML and BHA together was more marked than
when either was present singly. However, ML decreased the antibacterial
acrivity of BHA against Gram-negative bacteria. Similarly, TGL was antagonistic
to BHA action against both Gram-positive and Gram-negative bacteria. In
general, the inhibition produced by all combinations was greater as the pH
decreased and the NaCl concentration increased, especially in the presence of
EDTA.

INTRODUCTION

Consumer dislike for food additives and the limited efficacy of some food
preservatives has prompted investigations into more effective use of these

* Author for correspondence. Tel: 519 824 4120 x2269, Fax: 519 824 6631,
E-mail: MGriffiths@APS.UoGueiph.CA
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V. SUMMARY

Lysozyme (or muramidase) is an enzyme that consists of 129 amino acids, cross-linked
by 4 disulfide bridges. Lysozyme functions in lysing bacteria by splitting the B(1-4) linkages
between NAM and NAG, which are the components making up bactenal cell walls. Ly-
sozyme is found in many places including animal tissues and serums, as well as in organs,
tears, human and cow milk, and cervical mucus. The major commercial source for lysozyme
is hen egg white.

Lysozyme has been extracted from eggs by a salting out process and by chromatographic
methods. Lysozyme is quantitated by a procedure where the reduction in turbidity of a
suspension of M. lysodeikiicus is measured in an aqueous buffer solution, or by the agar
plate method where clear zones on agar plates seeded with M. lysodeikticus are an indication
of lytic activity.

Stability of lysozyme in various chemical solutions and temperatures was reviewed. Ly-
sozyme has been found to be heat stable in acidic solutions but to be inactivated quickly in
alkaline conditions. The effects of fluctuating temperatures on lysozyme were studied and
over- and undershoot of theoretical values were found. Alcohols of 15 and 20% did not
denature lysozyme. Sugars, polyols, and NaCl stabilized lysozyme against heat. Polysac-
charides with both carboxylic and sulfuric acid bases were inhibitory to lysozyme.

Reactions with peroxidizing methyl linoleate caused polymerization, loss of activity, and
other deteriorative changes; 0.35 Mrad of irradiation was required to reduce the enzymatic
activity of a 0.3% lysozyme solution at pH 8 to 37%.

Lysozyme complexes with certain components, which renders the enzyme inactive. Some
of the components with which lysozyme has been demonstrated to complex include egg yolk
and some egg-white components, monomers, dimers, trimers, and tetramers, imidazole and
indole derivatives, polyvalent cations, and divalent cations.

The effect of lysozyme on different strains of dairy starter cultures has been studied
because lysozyme has been found to prevent late blowing of cheese. LySozyme is more
inhibitory to the deleterious organisms than to the dairy starter cultures. Some researchers
have reported that lysozyme will cause lysis of E. coli. It appears that the amount of lysozyme
necessary to inhibit growth of the organism in various food products needs to be researched
further. Lysozyme effectively inhibited the growth of P. fluorescens and S. senftenberg on
poultry. C. botulinum spores had greater heat resistance after being exposed to lysozyme.

The Japanese have been the largest users of lysozyme in practical applications. They have
patented processes using lysozyme as a preservative on fresh fruits and vegetables, tofu
bean curd, seafoods and meats, and wine and sake. Lysozyme was also used as a supplement
to infant-feeding formulas to make them more closely resemble human milk. The shelf life
of cooked burdock with soy sauce and of potato salad was extended with a lysozyme-glycine
mixture and a commercial hydrolyzed egg white preparation. The product on which most
of the research using lysozyme as a preservative has been done is cheese. Lysozyme prevents
late blowing of semihard cheeses such as Edam and Gouda and some Italian varieties by
inhibiting the growth of butyric acid bacteria, particularly C. ryrobutyricum.

Pharmaceutical use of lysozyme has included treatment of viral and bacterial infections.
EDTA-tris-lysozyme solutions have been effective in treatment of coliform infections of the
bladder of experimentally induced pseudomonas cystitis. The level of serum lysozyme in
humans and animals has been used as a marker of infections. Lysozyme has been shown to
increase the effectiveness of some antibiotics.

The use of lysozyme as a preservative is a very interesting area of research and has a lot
of potential in the food industry, especially within the U.S. The use of lysozyme in different
foods, with various additives, and methods of application need to be explored.
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Present and Future Use (continued)

cate that lethal damage to microbial DNA from irradiation
results in the loss of ability to reproduce. Damage to other
sensitive and critical molecules (e.g., membranes) may also
have an effect (ICMSF, 1980).

Several factors can affect the sensitivity of irradiation.
Removal of oxygen can increase the resistance of microorga-
nisms to the lethal effect of irradiation. Removal of water
also increases the resistance of microorganisms. Finally, the
suspending medium or type of food can greatly affect irradi-
ation.

Only if consumer perception is changed to accept irradi-
ated foods will we see more use of irradiation as our food
supply grows.

Packaging -

Packaging aids in preserving the quality of foods by
protecting against damage during storage, transport, and
retail handling. Protection can be classified as chemical,
where the package may prevent the passage of water vapor,
oxygen, or other gases, or may act selectively and only let
certain gases pass; physical, where the package may protect
against light, dust and dirt, weight loss, and mechanical
damage; or biological, where the package may prevent entry
of microorganisms or insects, or may affect the mode or rate
of gpoilage or the survival and growth of pathogens in
foods.

The factor most important to the microbiology of packaged
foods is the relative permeability of the packaging material to
oxygen, carbon dioxide, and water vapor, particularly if the
air spaces within the package are evacuated or filled with
preservative gases at time of closure (Cavelt, 1968). Films
permeable to water vapor and gases more permeable to
oxygen than to CO,, or only loosely applied, may protect
against contaminating organisms but do not affect the
growth of organisms which may already be on the food.

Another type of packaging we see quite often and are
bound to see more of is aseptic packaging. Aseptic filling is
the process of filling a sterile food into a sterile container
under aseptic conditions. There are three types of aseptically
filled packages; tin cans, sterilized by steam and filled and
sealed in a sterile chamber; flexible containers, decontami-
nated by ultraviolet light, alcobol, peroxide, or a combination
of these, filled by injection, and sealed in a sterile atmosphere
(Shaw, 1977); and extruded polyethylene or polystyrene
containers, sterilized in the heat of the extrusion or forming
procn)ess and filled and sealed in a sterile room (Berry,
1975).

Interaction of Factors

Any of the various factors reviewed above (temperature,
water activity, pH, etc.) would probably need to be used at an
extreme concentration or level in a food to be an effective
antimicrobial agent when used alone. Thus, temperatures
would either be freezing or boiling. The aw of the food would
need to be quite low (<0.85 for bacteria). The pH of the food
would either be above 9 or below 2 to restrict microbial
growth. Conditions such as these would restrict the develop-
ment or marketing of a variety of foods. Such conditions also
fail to allow the optimum quality of the food to be produced
or delivered to the consumer. Generally, when factors such as
these are at their optimum for the development of food
quality, they also allow the development of microbiological
spoilage flora.

Recent efforts have recognized the importance of interac-
tion of various antimicrobial factors to produce microbiolog-
ically safe food. The significance of this interaction lies in the
fact that had these antimicrobials been used separately,
stability from spoilage would not have occurred. Yet, it is in
the combination or interaction of these factors that such
stability can be achieved. The effects of these interactions
may be additive or synergistic.

Studies on the effectiveness of the interaction of various
factors have increased in number and diversity in the recent
literature. Combinations of aw, pH, salt, sorbate, and other
chemicals have been investigated for antimicrobial effective-
ness against C. botulinum (Baird-Parker and Freame, 1967;
Garcia and Genigeorgis, 1987; Garcia et al., 1987; Hauschild
and Hilsheimer, 1979; Notermans et al., 1985; Sperber, 1982),
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Yersinia enterocolitica (Stern et al., 1980), Listeria mong.
cytogenes (Conner et al., 1986; George et al., 1988; Shahamat
et al., 1980), Staphylococcus aureus (Lahellec et al., 198].
Raccach, 1981; Stern et al., 1979), Clostridium sporogenes
(Robach, 1980), mycotoxin production (Bullerman, 1985)
osmophilic yeast (Restaino et al., 1982), and Salmonella sppf
(Rubin et al., 1982; Sofos, 1986). The use of culture selection
on product attributes as well as antimicrobial capabilities in
some fermented products has also been investigated (Friend
et al., 1983; Raccach, 1981; Rubin et al., 1982).

With the greater emphasis on the development and mar-
keting of refrigerated foods by the food industry, use of
antimicrobial agents is growing in importance. Temperat:re
abuse of refrigerated products during distribution or retaiiing
or in the hands of the consumer would increase the potential
for a health-hazard situation. The National Food Processors
Association is advocating the use of one or more antimicrobi-
al factors (also called hurdles or barriers) in refrigerated
foods, in addition to refrigeration to provide product safety
(NFPA, 1988a; b).
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Organic Acids

Organic acids are considered natura] antimicrobials which
occur widely in natuyre, Today, food manufacturers make use
of several organic acidg to aid in the Preservation of processed
food products. The organic acids and thejr derivatives that
are typically used as‘antimicrobia] agents include acetjc acid,
benzoic acid, propionic acid, and orbic acid.

Acetic acid occurs naturally in vinegar at a leve] of 4%.
Acttic acid and its salts—sodium acetate, calcium acetate,
ca.ium diacetate, and sodium diacetate—assert their antj-
m: robial activity up to pH 4.5. Acetic acid is commonly used
in pickled meat and fish and in condiments such as catsup,
mayonnaise, and pickles (Chichester and Tanner, 1972;
ICMSF, 1980).

Benzoic acid occurs naturally in cranberries, prunes, cinna-
mon, and cloves (ICMSF, 1980). Benzoic acid is primarily
used as an antimycotic agent at levels of 0.05-0.1% of the
undissociated acid, It is most effective in controlling yeasts
and molds and least effective in controlling bacteria (Chich-
ester and Tanner, 1972). The sodium salt of the acid, being
more soluble than the acid, is generally used as the antimi-
crobial in foods,

ropionic acid and its salts have been used as antimicrobj.
al= for centuries, They are effective mold inhibitors, yet at
similar levels show no effectiveness against yeasts. They have
little inhibitory effect against bacteria, with the exception of
their ability to inhibit the organism which causes rope in
bread (Chichester and Tanner, 1972). Propionate has been
estimated to account for approximately 75% of all chemical
preservatives consumed today, primarily because of its
extensive use in bread and bakery products. It is also one of
the least expensive preservatives available,

Sorbic acid is the only unsaturated organic acid Permitted
as a food preservative (ICMSF, 1980). It is an effective
antimicrobial at PH values up to 6.0 in food products. It is
curvently used as g preservative in fruit juices and soft
dr' xs. The free acid and its potassium salts, <collectively
rercrred to ag sorbates, are typically used in food systems.
Sorbates are generally more effective against yeasts and
molds than against bacteria (Liick, 1972; 1976),

Curing Salts and Related Materials

Curing was orj nally developed to aid in the preservation
of food by the a«igéition of sodium chloride, Sodium nitrate,
however, 3 natural impurity of sodium chloride, was eventu-

ly shown to be the responsible factor in the development of
the pink-to-red pigment in meat, the cured meat color. Since
then, nitrite, rather than nitrate, has been shown to be the
Imrortant compound in color formation, Binkerd and Kolarj
(1< °5) reviewed the history of nitrite and nitrate as curing
ag: 1ts for meats.

fmain safe and wholesome. In recent years, packa ing

Imrrovements have contributed to furthering the shelf life of

rer-izerated cured products, Cerveny (1980) described many

Changes in the production and marketing of cureq meats in
i 00s.

€ Preservation and safety of a cured meat product is the
Tesult of the interaction of severa] factors in a system
esigned to yield a safe, wholesome product. The main
fomponents of the system are the curing salts; the microbia]
Content of the raw product; the type, temperature, and
Uration of the processing; and the types and numbers of

Igléﬁsg)organisms that can survive the curing process (ICMSF,

Antibjotics
i < “ribiotics, produced either naturally by microorganisms

or synthetically, can inhibit microbja] growth when used at
hlgh dilution.” Smaj] residues carried over from treated
animals are generaﬂy_c9n51dered unacceptable in our food

lactic streptococci (Hurst, 1967).

he effectiveness of nisin when used as an antimicrobia] in
foods decreases with increase in size of the microbial ingcy-
lum (Scott and Taylor, 1981; Rayma et al., 1981). The
stability of nisin solutions also decreases as the PH increases
(Ramseier, 1960; Rayman et al, 1981; Scott and Taylor,
1981). In addition, nisin is not inhibitory against yeasts,
fungi, and Gram-negative organisms. The activity against
Gram-positive Organisms can also vary (Mattick and Hirsch,
1947; Gowans et al., 1952).

The application of nisin in food Preservation has been
extensively studied and reviewed (Jarvis and Morisetti, 1969;
Marth, 1966; Hall, 1966; Hawley, 1957). In general, it has
been found that Successful application of nisin as a preserva-
tive requires that the food be acidic to ensure stability of the
antimicrobial during Pprocessing and storage, and that the
spoilage organisms to be contzolled be Gram-positive and/or
nisin-sensitive,

Nisin has been proved to be nontoxic and was given
international acceptance in 1969 (WHO, 1969'). It was recent.-

Irradiation

Irradiation, use of ionizing radia%ion, Is typically charac-
terized by high energy content, great Penetrating power, and
lethality resulting from action at the cellular leve] (ICMSF,
1980). Practical application of ionizing radiation to destroy
microorganisms on commercial products hag really developed
within the past two decades. Early work clearly established
the potential usefulness of irradiation as a means of food
preservation. During the early 1960s, some governments
permitted the use of ionizing radiation for Processing a
limited range of foods. Subsequently, permission to uge
lonizing radiation in the Preservation of foods wag withdrawn

again be approved ag a food processing method (FAO/
IAEA/WHO Expert Committee, 1977). It is primarily the
misinformation associated with irradiation that causes public
concern and nhonacceptance,
Ionizing radiation and the effects op mjcroorganisms have
been extensively studied (ICMSF, 1980): Ionizing radiation
as been shown to have several advantages over other

sterilizing effect; at lower levels (<0.5 Mrad) it produces

virtually no organoleptically detectable change in the prod-

uct; even at higher doses (>1 Mrad), tota] chemical change in
i 1. .

frozen state; and Penetration of radiation is instantaneou_s,
uniform, and deep, permitting precise process control (in
contrast to heat),

Irradiation has also shown some disadvantages over other
methods for destroying Tnicroorganisms in foods: enzymes are

dose levels (ICMSF, 1980).
e death of microorganisms is a consequence of the
ionizing action of high-energy radiation. Most studies indj-
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Present and Future Use (continued)

factor in developing safe, shelf-stable food products. Several
publications have addressed this topic in depth (Birnbaum,
1981; Jermini and Schmidt-Lorenz, 1987; Troller, 1986).

pH

Microorganisms have minimum, optimum, and maximum
pH values for growth (ICMSF, 1980). Molds, yeasts, and
bacteria can be categorized by their ability to grow in various
pH ranges. The pH of the food plays a significant role in
determining the types of microorganisms capable of growing
and causing spoilage, a desired fermentation, or a potential
health hazard. In general, molds can grow at a lower pH than
yeasts, and yeasts are more tolerant of low pH than are
bacteria. Bacterial spore germination can be inhibited by low
pH (acid conditions). The pH of the food is instrumental in
determining the thermal processing conditions required to
provide commercial sterility. Foods are categorized by the
Food and Drug Administration (CFR, 1987) as acid (natural
pH < 4.6), acidified (acid addition provides pH < 4.6), or low
acid (pH > 4.6).

In the unprocessed state, most foods such as meat, fish,
and vegetables are slightly acidic (pH 5.5-6.8), most fruits are
moderately acidic (pH 3.0-4.6), and some foods, such as egg
whites, are alkaline (pH > 7.0). Lowering the pH of the foods,
either naturally or artificially, has been used for centuries to
enhance microbiological stability and preserve foods. Micro-
biological fermentations of milk, cucumbers, and meats are
examples where the pH has been lowered by naturally
produced acids to provide more safe and stable products such
as cheese, yogurt, pickles, and sausages.

The pH of a food product contributes to its stability from
microbiological pathogens. Because of their low pH, acid and
acidified foods, while still subject to spoilage, will not support
the growth of bacterial pathogens. However, low-acid foods of
pH >4.6 are not microbiologically stable and may support
microbial pathogen growth. While pH cannot solely be used
as a preservative (Vasavada, 1988), it may be used in
combination with other factors to contribute to the stability
of the product. Pasteurized processed cheese spread is an
example of a product where pH is used in conjunction with
other factors to provide stability against Clostridium botuli-
num in a low-acid product (Tanaka et al., 1986).

Gases and Modified
and Controlled Atmospheres

For many years, various naturally occurring and manufac-
tured gases and vapors have been known to inhibit or to kill
microorganisms. Several of these have been studied to deter-
mine their potential usefulness in increasing the storage life
of foods. The antimicrobial activities of a few of these can be
discussed in detail: carbon monoxide, carbon dioxide, ethyl-
ene oxide, propylene oxide, sulfur dioxide, and ozone (David-
son et al., 1983; Gammon and Kereluk, 1973). Nitrogen and
oxygen, though used frequently in the packaging and storage
of foods, do not directly inhibit the growth of microorga-
nisms. Nitrogen flushing, however, can be used to inhibit
mold growth.

Recent research has shown carbon monoxide to have
potential use with foods (Davidson et al., 1983). COatl1l%
has been shown to effectively inhibit psychrotrophs (Clark et
al., 1976). CO has also been shown to inhibit yeasts and molds
which tend to cause postharvest decay in fruits and vegeta-
bles (Aharoni and Stadelbacher, 1973; Barkai-Golan and
Aharoni, 1976). The potential toxicity of this compound to
workers requires special handling procedures.

The antimicrobial effectiveness of a gas may be dependent
on a number of factors associated with the food, its process-
ing, and the microorganisms. Carbon dioxide, for example,
has been shown to inhibit or kill various microorganisms
depending on the concentration of the gas used, the temper-
ature of incubation, the age of the cells used, and the water
activity of the microbial medium. While the degree of
inhibition varies with the organism and the type of food
involved, a 10% level of CO; usually gives about 50%
inhibition on the basis of total counts after a given incubation
time (Ledward et al., 1971; Clark and Lentz, 1969). CO; has
been used frequently to control microorganisms in vacuum-
packaged meats, for controlled-atmosphere storage, and with
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carbonated beverages. Studies also have been reporici i,
which CO, stimulates the outgrowth of bacterial sporeg
(Enfors and Molin, 1978; Holland et al., 1970). To use CQ, 4
an antimicrobial agent, or preservative, sufficient scientifi,
evidence demonstrating its efficacy with a specific product
should be obtained.

Sulfur dioxide is broadly effective against veasts, mol
and bacteria (Dziezak, 1986). It is used extensively for
controlling the growth of undesirable microorganisms in soft
fruits, fruit juices, wines, sausages, fresh shrimp, and pickles,
It tends to react with many organic compounds in aqueoug
solution to form sulfite compounds, which are inhibitory tq
some bacteria. The antimicrobial activity of SO; is relateq
largely to the unbound nonionized molecular form (Halller
1911). Therefore, treatments to kill or inhibit microorga.
nisms are most effective at pH <4.0, where this form prevails,
SO, tends to penetrate the microbial cell more readily than
the ionic species. SO, itself is very reactive and probably
interacts with many cell components; however, the precise
cause of cell inhibition or death is unknown. Sulfite com-
pounds have received much attention in recent years because
of individua! hypersensitivities to the compounds in food
(Taylor et al., 1986).

Gaseous ethylene oxide has been widely used to reduce
microbial contamination and to kill insects in various dried
foods (Griffith and Hall, 1938; 1940). Among the foods
treated have been gums, spices, dried fruits, corn, wheat,
barley, dried egg, and gelatin (ICMSF, 1980). Concern :-ver
toxicity of residues of ethylene oxide has more strictly
regulated the use of this gas.

Propylene oxide has been less studied than ethylene oxide.
However, it appears that the general effects of concentration,
relative humidity, and temperature are similar (Bruch and
Koesterer, 1961; Phillips, 1968; Skinner and Hugo, 1976).
Bacteria are more resistant than yeasts and molds. Bacterial
spores are more resistant than the vegetative cells. In the
United States, propylene oxide has been used as a fumigant
for the control of microorganisms and insects in bulk quanti-
ties of goods such as cocoa, gums, processed spices, starch,
and processed nutmeats (ICMSF, 1980).

Ozone has been shown to elicit different sensitivitie: in
different organisms, similar to the other gases (Broadwate: et
al., 1973). In terms of inhibition, bacteria are more suscepti-
ble to ozone than yeasts and molds (Ingram and Barnes,
1954). Bacterial spores are 10-15 times more resistant than
vegetative cells. Ozone appears to attack many vital constit-
uents of microbial cells, but the precise cause of cell death is
unknown. Commercially, ozone has been used primarily for
the sterilization of water (Guinvarch, 1959; Bean, 1959). It
has also been used as a maturing agent in ciders and wine and
to sterilize the interior of soft drink bottles prior to filling
(Torricelli, 1959).

Modified- or controlled-atmosphere packaging of foods
refers to the incorporation of specific gases into the package.
The difference between the two rests with the control of -he
gas mixture throughout the shelf life of the product. “Mcdi-
fied” simply indicates an initial change in the internal
atmosphere with no subsequent control. Vacuum packaging,
which also fits in this realm, is packaging without gas. The
potential dangers with each type of atmospheric modification
are virtually the same (reviewed by Eyles and Warth, 1981,
Hintlian and Hotchkiss, 1986).

The hazards from Clostridium botulinum growth with the
modified- or controlled atmosphere packaging or vacuum
packaging of various foods have also been extensively studie
(Kautter et al., 1981; Post et al., 1985; Stier et al, 1981).
Modifying, controlling, or removing_the gases from within
food packages may control the spoilage flora to a limi:e
extent, but such practice presents a significant danger o! C.
botulinum growth in non-shelf-stable, high-moisture foods-
In such packaged foods, the spoilage flora, which warn the
consumer of potential hazards via foul odors, are suppressec.
Therefore, growth and toxin production by C. botulinum can
occur prior to any obvious sign of spoilage. Thus, suc
packaging cannot be relied upon to maintain the microbiolog-
ical safety of foods. Any interactive effect with other preser-
vatives would need to have sufficient scientific data to
establish its efficacy.
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Present arnd Future Use of
Tradiional Antmicrobiais

491

A variety of antimicrobial agents and processes have been and will
continue to be used, alone and in combination, to preserve foods

M.i.. Wagner and L.J. Moberg

00 THROUGHOUT HISTORY, the problem of food spoilage
has plagued man. Early attempts to preserve food focused on
the most readily available substances or processes, such as
usirg sugars, salts, spices, and wood smoke. Today, however,
pre- 2rvation has utilized such factors as temperature, water
actiity, pH, gases, organic acids, salts, antibiotics, irradia-
tion, packaging, and various combinations of these factors.
No matter which factors are selected, use of the proper
antimicrobial is dependent on the chemical properties of the
antimicrobial; the properties and composition of the food
product; the type of preservation system, other than chemi-
cal, used in the food; the type, characteristics, and number of
microorganisms; the safety of the antimicrobial; and the cost
effectiveness of the antimicrobial (Branen, 1983).

An advanced and more technical application of preserva-
tives and preservation processes in today’s food supply has
allowed for several new and innovative products to be
intr ‘duced, many displaying a longer shelf life (Vasavada,
198 1. This review will examine the activity and application
of several antimicrobials or antimicrobial processes utilized
in today’s food supply, and will speculate on future uses of
these traditional preservation systems.

Temperature

Through the centuries, man has learned to utilize temper-
ature as a means for preserving his food supply. Temperature
plays a critical role in retarding as well as eliminating the
growth of spoilage and pathogenic microorganisms (ICMSF,
1980). Chilling of the foods is an effective way to retard
spoilage. Freezing of the foods allows for their preservation
for longer periods of time. Mild heating can be used to dry
and “herefore preserve foods. Heating at higher temperature
@n e used to kill microorganisms and eliminate spoilage

‘dltogether, if the foods are suitably packaged.

In addition to using the hot and cold temperature extremes
or food preservation, use of ambient temperature also proves
neficial. Foods can be quickly fermented with appropriate
Wicroorganisms at these ambient temperatures. While the
Organoleptic character of the food will be changed, its
ibility and even its stability will also be enhanced. A wide
variety of fermented foods and beverages has evolved, with
ctic and alcoholic fermentations, or combinations of the
two, as the major fermentations employed in today’s food
industry (Gibbs, 1987).
icroorganisms can be grouped into “different classes
Psvehrophile, mesophile, thermophile) according to their
9timum growth temperature (ICMSF, 1980). In general, as
€ temperature is lowered from the optimum, microbial
ZTowth slows and eventually stops. When the temperature
fnally reaches the freezing point, growth generally ceases,
Ut some bacteria survive virtually unharmed. Other bacteria
&re susceptible to damage during freezing and will die. In
%eneral, most spores survive freezing unchanged, while most
Yegetative cells sustain varying levels of damage from one or

The authors are, respectively, Senior Research Food Scientist I and
\ ?Dartmer{t Head, General Mills. Inc.. 9000 Plymouth Ave. N.,
“Hnneapolis, MN 55427. Send reprint requests to author Wagner.
——

more steps of the freezing process (Grecz and Arvay, 1982).
This damage may result only in sublethal injury, and may not
significantly interfere with their eventual repair and poten-
tial growth in nonfrozen food. Thus, freezing is not a means
to eliminate spoilage and pathogenic bacteria (Obafemi and
Davies, 1986). However, this injury may make them more
susceptible to the action of other antimicrobial agents,
Unfortunately, freezing temperatures that often cause the
maximum damage to bacteria also cause the maximum
damage to foods.

As the temperature increases above the optimum growth
temperature for the microorganisms, injury and death will
eventually occur. Mild exposure to these temperatures
induces stress and may cause sublethal injury to cells. As
with freezing, this stress or injury may increase their sensitiv-
ity to antimicrobial agents. v

Temperature, but only at its extremes, can be used to

_preserve food or protect it from spoilage. Freezing will

prevent microbial growth, and thus spoilage, as long as the
food is maintained frozen (Speck and Ray, 1977). Thermal
processing of food under appropriate conditions will destroy
microbial spores and cells and provide a shelf-stable product.
Refrigeration serves only as a temporary means to retard
spoilage and pathogenic bacteria. However, several new
pathogens that grow at refrigeration temperatures have
recently been identified; therefore, refrigeration cannot be
solely relied upon to provide safety to high-moisture, non-
shelf-stable products. Nevertheless, as discussed later, refrig-
eration may be used interactively with another preservative
to provide the desired safety.

Water Activity

The growth and metabolism of microorganisms invariably
depend on the presence of water in an available form
(ICMSF, 1980). The water activity (aw) of a food provides an
objective measure of the amount of water available for
microbiological usage. Generally, bacteria require an aw
above 0.91, yeasts above 0.88, and molds above 0.75. Knowl-
edge of the aw limits for a microorganism can be useful in
designing microbial stability into a food product.

Components of a food affect its water activity. The aw in a
food can easily be reduced by increasing the concentration of
solutes in the aqueous phase of the food. This can be
accomplished by either adding solutes or removing water. In
curing, salting, syruping, or sugaring, solutes are contributing
to the lower aw. In dehydration, water removal is contribut.
ing to the lower amounts of available water. Food dehydra-
tion can be accomplished either by freezing with accompany-
ing removal of water (freeze drying), or by heating to
evaporate existing water. In general, the gentler the drying
process, the greater the chance that contaminating microor-
ganisms will survive. Freeze drying has little effect on orga-
nism viability, whereas the more severe spray drying or roller
drying using high temperatures to drive off the water may
destroy the majority of vegetative cells present.

Water activity, alone or in combination with other preser-
vatives or factors, can be influential in controlling the growth
of spoilage and pathogenic microorganisms. A knowledge of
the minimum aw at which an organism can grow is a major
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V. SUMMARY

Lysozyme (or muramidase) is an enzyme that consists of 129 amino acids, cross-linked
by 4 disulfide bridges. Lysozyme functions in lysing bacteria by splitting the B(1-4) linkages
between NAM and NAG, which are the components making up bacterial cell walls. Ly-
sozyme is found in many places including animal tissues and serums, as well as in organs,
tears, humnan and cow milk, and cervical mucus. The major commercial source for lysozyme
is hen egg white.

Lysozyme has been extracted from eggs by a salting out process and by chromatographic
methods. Lysozyme is quantitated by a procedure where the reduction in turbidity of a
suspension of M. lysodeikticus is measured in an aqueous buffer solution, or by the agar
plate method where clear zones on agar plates seeded with M. lysodeikticus are an indication
of lytic activity.

Stability of lysozyme in various chemical solutions and temperatures was reviewed. Ly-
sozyme has been found to be heat stable in acidic solutions but to be inactivated quickly in
alkaline conditions. The effects of fluctuating temperatures on lysozyme were studied and
over- and undershoot of theoretical values were found. Alcohols of 15 and 20% did not
denature lysozyme. Sugars, polyols, and NaCl stabilized lysozyme against heat. Polysac-
charides with both carboxylic and sulfuric acid bases were inhibitory to lysozyme.

Reactions with peroxidizing methyl linoleate caused polymerization, loss of activity, and
other deteriorative changes; 0.35 Mrad of irradiation was required to reduce the enzymatic
activity of a 0.3% lysozyme solution at pH 8 to 37%.

Lysozyme complexes with certain components, which renders the enzyme inactive. Some
of the components with which lysozyme has been demonstrated to complex include egg yolk
and some egg-white components, monomers, dimers, trimers, and tetramers, imidazole and
indole derivatives, polyvalent cations, and divalent cations.

The effect of lysozyme on different strains of dairy starter cultures has been studied
because lysozyme has been found to prevent late blowing of cheese. Lysozyme is more
inhibitory to the deleterious organisms than to the dairy starter cultures. Some researchers
have reported that lysozyme will cause lysis of E. coli. It appears that the amount of lysozyme
necessary to inhibit growth of the organism in various food products needs to be researched
further. Lysozyme effectively inhibited the growth of P. fluorescens and S. senftenberg on
poultry. C. botulinum spores had greater heat resistance after being exposed to lysozyme.

The Japanese have been the largest users of lysozyme in practical applications. They have
patented processes using lysozyme as a preservative on fresh fruits and vegetables, tofu
bean curd, seafoods and meats, and wine and sake. Lysozyme was also used as a supplement
to infant-feeding formulas to make them more closely resemble human milk. The shelf life
of cooked burdock with soy sauce and of potato salad was extended with a lysozyme-glycine
mixture and a commercial hydrolyzed egg white preparation. The product on which most
of the research using lysozyme as a preservative has been done is cheese. Lysozyme prevents
late blowing of semihard cheeses such as Edam and Gouda and some Italian varieties by
inhibiting the growth of butyric acid bacteria, particularly C. tyrobutyricum.

Pharmaceutical use of lysozyme has included treatment of viral and bacterial infections.
EDTA-tris-lysozyme solutions have been effective in treatment of coliform infections of the
bladder of experimentally induced pseudomonas cystitis. The level of serum lysozyme in
humans and animals has been used as a marker of infections. Lysozyme has been shown to
increase the effectiveness of some antibiotics.

The use of lysozyme as a preservative is a very interesting area of research and has a lot
of potential in the food industry, especially within the U.S. The use of lysozyme in different
foods, with various additives, and methods of application need to be explored.
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Table 5. Percent Activityvgf Lysozyme' in Antimicrobials, an
Antioxidant, and Carbohydrates®. -

ANTIMICROBIALS PERCENT ACTIVITY® STANDARD DEVIATION
1% potassium sorbate 85.2 +0

1% sorbic acid es.2 +0
ANTIOXIDANT

5% n-propyl gallate  85.7 . +0
CARBOHYDRATES

5% flour 91.3 +0

5% corn starch 96.0 *0

1Smg/ml of lysozyme were added to each sample.
Lysoplate method (Gosnell et al., 1975) was used.
There were 6 replications per value.
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Table 4. Percent Activity of‘Lysozyme1 in Spicesz.

SPICE PERCENT ACTIVITY3 STANDARD DEVIATION

1% black pepper 105.2 +0

1% white pepper 101.3 +0

2% mustard ..101.3

30% soy sauce " 100.0 : +0

5% chili powder - 96.0 +0

1% paprika : 93.5 +0

3% sage 82.7 ” +0.04
5% ginger 88.0 +0

4% cinnamon ' 84.0 +0

3% Wrights®liquid smoke 57.1 +0

CURING_ INGREDIENTS

5% Quick Cure® 109.1 +0
1% sodium tripolyphosphate 105.2 +0

1Smg/ml lysozyme added to each spice.
2Lysopl-ate method (Gosnell et al., 1975) was used.
There were 6 replications per value.



EXHIBIT 11



Table 3. Percent Activity of‘Lysozyme1 in Guys{

GUM PERCENT ACTIVITY> STANDARD DEVIATION

guar 100.0 +0
arabic 100.0 +0
CHMC 97.4 +0
colloid 488T - ‘ '

(alginate) - 95.2 +0
locust bean -- 95.2 +0
tragacanth 95.2 - +0
760 MB colloid

(carrageenan) 66.7 *0

'smg/ml of lysozyme was added to each gum.
2Lysoplate method (Gosnell et al., 1975) was used.
There were 6 replications per value.
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Table 2. Percent Activity of‘Lysozyme1 in Sweeteners®.

SWEETENER PERCENT ACTIVITY3
40% glucose "109.7°
20% corn SW80°®

(high fructose corn syrup). 105.1%°
40% corn SW 80° a ' .
(high fructose corn syrup) 103.8%2°
20% glucose - 103.5%P:¢
10% glucose 103.4%P:C
40% sucrose 99. 0% ¢
20% sucrose ‘ 9g.4%¢
20% sorbitol 97.8%%¢
10% sucrose 96.4%¢
2.5% Kitchen Klatter®

(calcium saccharin) 91.6%f
10% lactose 91.1%f
30% lactose 90.4%f
20% Kitchen Klatter®

(calcium saccharin) 89.7f
10% fructose 86.3"
40% fructose g6.4f
.01lg/ml Equal®

(aspartame) ga.s8f

;ZOOpg/ml of lysozyme were used in each solution.

These values were determined spectrophotometrically (Parry et al.,
1969)

3The_re were 8 replications per value. ‘

Values with the same' letter are not significantly different.
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Table 1. Percent Activity of Lysozyme' in Amino Acig Solutions?®.

AMINO ACID .PERCENT . ACTIVITY’
5% histidine (w/v) _ 114.0°

5% lysine e 112.0>°

5% glycine o 107.‘0b'c

5% L-cysteine 106.0°¢

5% L-threonine o 104.0%¢

5% lysine HCL 104" 0%¢

5% serine . 103.0°%%¢®
5% L-arginine 102. 0% 9.8 f
5% L-proline 98.0%¢ fi9
5% DL aspartic acid 9g. 0% f.9
1% inosine 97.0%¢f9
1% leucine 96.0°%f.e.h
1% glutamic 96.0°% .9/
5% valine 96.0°% f.9.hi
5% L-asparagine 95.0%9:h ]
5% L-argenine 92, 09%M 1.
1% tyrosine : 91.09h 1]
5% DL phenylalanine 91.09 " 1]
1% cystine 89 . oM 1.k
5% DL alanine f 89.0'3/k
5% hydroxyl-L-proline g8g.olk

1% tryptophan 83.0K

1200;.Lg/m1 of lysozyme were used in each solution. .

Values were determined spectrophotometrically (Parry et al., 1969)
*There were 8 replications per value.

Values with the same letter are not significantly different.
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Egg-white lysozyme as a food
preservative: an overview

F.E. CUNNINGHAM, V.A. PROCTOR and S.J. GOETSCH

Department of Animal Sciences and Industry, Kansas State University,
Manhattan, Kansas 66506-1600, USA

The use of lysozyme as a food preservative and the factors affecting lysozyme
activity (temperature, chemicals, processing and complexes) is reviewed.
Lysozyme inhibits the growth of deleterious organisms thus prolonging shelf
life. Chemicals used to improve the preservative effect of lysozyme and those
that inhibit the enzyme are discussed along with the stability of lysozyme in
various chemical environments. Lysozyme has been used to preserve fresh
fruits and vegetables, tofu bean curd, seafoods, meats and sausages, potato
salad, cooked burdock with SO0y sauce, and varieties of semi-hard cheeses such
as Edam, Gouda and some Italian cheeses. Lysozyme added to infant feeding
formulae makes them more closely resemble human milk.

Keywords: Egg-white; food products; lysozyme; preservative

Introduction

One of the egg-white proteins, lysozyme (or muramidase), is an enzyme that
consists of 129 amino acids, cross-linked by four disulphide bridges. Lysozyme
functions as a food preservative by destroying certain bacteria. This it does by
splitting B(1-4) linkages between N -acetyl-muramic and N-acetyl-glucosamine,
the components making up bacterial cell walls. The most important commercial
source of lysozyme is egg-white of the domestic fowl.

The purpose of this overview is to discuss those factors that affect the activity
of lysozyme (temperature, chemicals, processing and complexes), how
lysozyme acts on bacteria, and the use of lysozyme as a food preservative.

Activity of lysozyme

Effect of heat and chemicals on lysozyme activity
Lysozyme is heat stable in acidic solutions, having been reported to

*Contribution No. 89-106-], Department of Animal Sciences and Industry, Kansas Agricultural
Experiment Station, Manhattan, KS 66506

© World'’s Poultry Science Association 0043-9339/91/020141-23
World’s Poultry Science Journal, Vol. 47, July 1991
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Proctor, V.A. and Cunningham, F.E. 1988. The chemistry of
lysozyme and its use as a food preservative and a pharmaceutical.
CRC Crit. Rev. in Food Sci. and Nutr. 26, 359.

Snedecor, G.W. and Cochran, W.G. 1976. "Statistical
Methods." The Iowa Staté”University Press, Ames, IA.

Yajima, M., Hidaka;.Y,, and Matsuoka, Y. 1971. Studies on
egg white lysozyme as a preservative.éf sake. II. J. Ferment.
Technol. 49, 693.' |

Yashima, M., Hidaka, Y., Ota, R., Hara, K., and Matsuoka, ‘Y.
1972. Japanese Patent 1972-7357.
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starch decreased lysozyme activity only slightly.

CONCLUSIONS

The basic amino acids increased the activity of lysozyme cver

100% against'lyophilized;eellé of M. lysodeikticus, but whether
this effect was due to "ionic strengt@ was not determined. The
sugars, glucose and high fructose corn syrup (because of its
glucose content) also enhanced lysozyme activity. Aspartame
decreased lysozyme activity to 84.8%, which was more than other
sweeteners. The only gum that was found to be inhibitory to
lysozyme was carrageenan, which contains sulfated polymers.
Ingredients used in curing and spices used in further processed
meats tenhanced 1lysozyme activity, whereas sage, ginger, and
cinnamorr in high concentrations were slightly inhibitory.
Antimicrobials did not seem to affect lysozyme activity, but the
antioxidant, n-propyl gallate, decreased lysozyme activity
slightly. L ‘ '

In order for lysozyﬁe to be effective as a food preservative,
the types of food and food ingredients that are compatible or
enhance its enzymatic acﬁivity‘must be determined. The results of
this study suggest that lysozyme could be an effective preservative
of foods with a high natural sugar content but not of artificially
sweetened producte. The spices and curing lngredlents of further
processed meats may enhance lysozyme activity and longevity in the
product. The addition of the ‘antimicrobials tested would not

decrease lysozyme activity significantly and possibly could
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glucose in high fructose corn syrup seemed to be the enhancing
factor becauée fructose alone depressed lysozyme activity (86%
activity). Table sugar (sucrqge) did not lowér lysozyme activity.
Calcium saccharin (91.6%) and aspartame (84.8%) slightly decreased
lysozyme activity.

:he gums, guar and afébic (Table 3), did not decrease lysozyme
activity at all; CMC decreased it éhly' slightly (97.4%):; and
alginate, locust bean, and'tragacanth lowered lysozyme's activity
to 95.2%. 760 MB colloid, a carrageenan greatly decreased lysozyme
activity (66.7%). Although commercial carrageenan is a mixture of
various types, it is approximately 60% kappa and 40% lambda
carrageenans, which are both sulfated polymers. Yashitake and
Shinichire (1977) also found thaﬁ sulfuric acid-based gums
decreased lysozyme activity, greatly, and guar, locust bean gum, and
tragacanth only decreased lysozyme activity slightly.

The effects of spices and cure ingredients on lysozyme are
shown in Table 4. -Ingredients that would commonly be used in
further processed meaté,.such'as the mustard, peppef, paprika,
smoke, and curing ingredients, either enhanced lysozyme activity
or were only slightly inhibitory. Sage, ginger, and cinnamon
decreased lysozyme activity, but the concentrations of these spices
used would not normally be found in foods. -

Antimicrobials in a 1% solution (higher concentration than
would be allowed in food products) only slightly décreased lysozyme
activity (95.2% activity) (Table 5). The antioxidant, n-propyl

gallate, decreased lysozyme activity to 85.7%, but flour and corn
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a high fructose corn syrup (corn SW 80°9, containing 80% fructose)
from ADM Corn Sweeteners, Clinton, IA.

The spices were purchasgd at a grocery store. The sodium
tripolyphosphate, Granular 00-22, was made by Calgon>Corp. Quick
Cure® (Custom Food ProduC£s, Inc, Chicago, I11.) is composed of
salt, sugar, 1% sodium niﬁrate, maple sugaf, and not more ‘than 1%
propylene glycol added as an anti—cakiﬁg agent. The corn starch
was from Busch Industrial froducts Cbrp., St. Louis, Mo., and the
isolated.soy (Ardex DNV, dispersible and 94% protein) was made by
ADM, Decauter, IL. The ’antimicrobials, potassium sorbate
(Sorbistat-K®) and sorbic acid (Sorbistat®), were obtained from
Pfizer, New York, N.Y. n-Propyl gallate (No. P-3130) was purchased

from Sigma Chemical co.

RESULTS and DISCUSSION

The combinations of amino acids with lysozyme are illustrated
in Table 1. The highest activity (114%) was with 5% histidine.
The 112% activity with 5% iysine was not sighificantly‘different.
Other amino acids that produced more than 100% actiyity included
5% glycine, 5% L-cysteine, 5% L-threonine, 5% lysine HCL, 5%
serine, and 5% L-arginine.

The amino acids that increased lysozyme activity against M.

lysodeikticus were basic. Their influence may simply be due to

PH and ionic charge, as reported by Chang and Carr (1971).
The sweeteners, glucose and high fructose corn syrup,

increased lysozymes' activity above 100% activity (Table 2). The
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calculated.

The ingredients tested included 22 amino acids, 7 gums that
were hydrated and diluted to a pipetteable solution, 8 sweeteners
in Qarious concentrations, 15 spices and curing ingredients, 5%
flour solution, 5% corn;étarch solution, antimicrobial solutions
of 1% potassium sorbate;ahd 1% sorbic acid, and the antioxidant,
propyi gallate, in a 5% solution. Oéher antioxidants would not
disperse in a liquid nonlipid solution. Dry materials were weighed
on a weight/volume basis and liquid samples on a volume/volume
basis.

Some of the amino acids were donated by Ajinomoto U.S.A.,
Inc., Teaneck, N.J. including inosine, L-threonine, L-serine, L-

lysozype monohydrochloride, L-leucine, L-valine, and L-proline.

Inc, Mew York, and included

i

The gums were dpnated by Tic Gunms,

colloid #488T (the sodium salt of alginate isolated from kelp

plant, Laminaria digitata, used as a thickener); colloid 760MB (a

carrageenan standardi?ed to yield a specific viscosity in milk
systems) ; guar; arabic}‘ldcust bean gum; and tragacanﬁh. Sodium
carboxymethylcellulose (CMC) was obtained from Dupqnt.(P—75—L),
Wi}mington, Delaware.

The sweeteners included the noncaloric sugar substitutes
Kitchen Klatter® (water, calcium saccharin 2.25%, propylene glycol
USP 1.5%, benzoic acid 0.1%, methyl paraben 0.05%); an@ Equal®
(dextrose with dried corn syrup, aspartame (Nutfa Sweet brand),
silicon dioxide, cellulose, tribasic calcium phosphate, and

cellulose derivatives); glucose; sucrose; lactose; fructose; and
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A lysozyme standard was prepared daily in phosphate buffer, pH 6.2.
The percent activity of lysozyme in the test sample was calculated
by the ratio of its value to the standard value.

'ZOOug/ml of lysozyme was used in the standard and all teét
solutions for spectrophqpometric determinations. The test for
activity was performed ét a wavelengﬁh of 540nm, 1 hour after
lysozyme addition to the-teét medium. -‘The initial rate of reaction
of lysozyme was calculated (change in absorbance/min.) as M.

lysodeikticus cells were lysed and the solution cleared. Eight

determinations were done for each sample. Analysis of variance was

calculated (Snedecor and Cochran, 1976). The samples that were

not suitable for spectrophotometric determinations were tested by

the lysoplate method. An agar preparation, containing 1.0g agarose
t

with 0.1g Nacl in 100ml of PH 7.0 phosphate buffer seeded with

0.02g of M. lysodeikticus, was heated to 65 - 70°C, while being

stirred. The agar was poured into a 2 qt. oblong Pyrex glass
baking dish. After solidification, holes or wells were bored into
the agar with the sﬁéli‘end of a transfer pipette, and 5ug of
solution were deposited into each hole with a microtiter pipette.
Standards were prepared with 3, 5, and 7 mg/ml of lyéozymé and run
simultaneously with the samplés. The plates were incubated for 3
hrs at room temperature, and diametefs of the lysed areas were
measured using a pair of dividers and a ruler. Six determinations
were done for each standard and sample. The calculated linear
gradient of the standard solutioné was used ﬁo determine the

concentration of the samples. Means and standard deviations were
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closely correlated with a nonspecific ionic strength effect and
that inhibition aé’ high salt concentration was most closely
correlated with cationic concentration and charge. Back et al.
(1979) tested lysozyme with other proteins and found that both
sugars and polyols stabilized them against heat. Polysaccharides
with both carboxylic and sulfuric acid bases were reported to
decrease lysozyme activity (Yashitake and Shinichiro, 1977).

The use of lysozyme is a more specific, targeted approach to
food preservation than conventional methods. Understanding the
effects of food ingredients on lysozyme activity is important,if
the enzyme is to be used effectively. Many of the published
reports on the effects of food ingredients have been commercial
propaganda and only included a small number of ingredients.

The purpose of this study was to investigate the effects of
variocus food ingredients on lysozyme acfivity, especially compounds
that might work to enhance activity, and to determine in what foods
lysozyme would be mostleffective as a preservative.

MZ;TE.RIALS AND METHODS

Grade I lysozyme (Sigma no. L-6876) from chicken egg white,

54,000 units per mg protein, and lyophilized Micrococcus

lvsodeikticus cells (Sigma no. 4698), ATCC 4698 were used.

Lysozyme activity was tested either by monitoring the€ clearing

of a suspension of M. lysodeikticus Dbecause of lysis with a

spectrophotometer (Parry et al., 1969) or by measuring the zone of

lysis in M. lysodeikticus-seeded agar (Gosnell et al., 1975),

depending on the turbidity and dispersibility of the test medium.
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INTRODUCTION

Lysozyme has long ' been used ~as a Dbacteriostatic or
bactericidal agent, starﬁing with the preliminary work of Fleming
in 1922 (Phillips, 1966). More recenély, the use of lysozyme as
a preservative in foods was reviewed (Proctor and Cunninghan,
1988). The Japanese have patented many applications of lysozyme
for preserving foods. One patent was issued for the preservation
of fresh vegetables, fish, meat, and fruit by coating the surface
with 1lysozyme (Kanebo Ltd, 1973). Many of the patents and
commercially prepared reports have found lysozyme to be a more
effective preservative in combinaticn with other substances. So
substances that enhance lysozyme activity are phytic acig
(chelating agent), butyl p-hydroxybenzoate (POBB) (Yajima et al.,
1971; Yashima et al., -1972), p-hydroxy-benzoic esters (Eisai
Company, 1972), ﬁ—glycoéyranose aerodehydrogenése (Eiéai, 1980),
hydrogen peroxide, and organic acids such as ascorbic acid kMiller,
1969). The Japanese have combined lysozyme with the amino acid,
glycine (Yashitake and Shinichiro, 1977) and reported that they

worked synergistically against Bacillus subtilis, Escherichia coli

S-8, and Staphylococcus aureus 209-P.
Lysozyme activity has been tested in the presence of salt.
Chang and Carr (1971), using NacCl, potassium phosphate, and tris

chloride, showed that activation at low salt concentration was most
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ABSTRACT
The effect of various food and food ingredients on lysozyme

activity was studied using a spectrophotometric and a lysoplate

technique in which the lysis of lyophilized M. lysodeikticus cells
is mopitored. Basic émi?dlacids, glucose, cﬁring ingredients, and
some spices (mustard, and pepper) were found to enhahce lysozyme
activity. The noncaloric sweetener, aspartame, and the gum,
carrageenan, decreased lysozyme activity to 84.8% and 66.7%

respectively. Most other ingredients tested decreased lysozyme

activity only slightly.
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Activity of Egg White Lysozyme in Various Food Systems.

V.A. Proctor and F.E. Cunningham
Kansas State University
Dept. of Animal Sciences and Industry -
Manhattan, KS 66506
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